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Executive Summary 

ES.1 Purpose 
This report presents the results of the investigation of industrial discharges from ore 
processing- and smelting-related activities in the area around Hayden and Winkelman, 
Arizona. The ASARCO Hayden Plant Site (Site) in Hayden, Arizona, is an active copper ore 
processing, concentrating, and smelter facility located in Gila County, near the confluence of 
the Gila River and San Pedro River. This report describes a remedial investigation (RI) of 
potential environmental impacts from Site operations, which date back to 1911, on air, soil, 
groundwater, surface water, and sediments in the vicinity of the Site. The field activities 
described in this report were conducted from November 2005 through March 2008. All RI 
field activities are complete with the exception of the ongoing air investigation.  

The overall purpose of the RI is to identify the nature and extent of contaminants, migration 
pathways of the contaminants, and potential threats to human and ecological receptors in 
the study area. 

ES.2 Site Location and Description 
Hayden is located approximately 100 miles southeast of Phoenix and 50 miles northeast of 
Tucson. Winkelman is located approximately one mile southeast of Hayden (Figure 1-1). 
The study area encompasses the towns of Hayden and Winkelman, the Site (defined as the 
area encompassing the ASARCO-owned and operated ore processing operation), and the 
area surrounding the confluence of the Gila River and San Pedro River (Figure 1-2). The 
active portion of the Site consists of ASARCO’s crusher, concentrator, smelter, and tailings 
impoundment areas. The crusher is located on the north side of State Route 177 and 
provides crushing of ore after arriving via the Copper Basin Railway from the Ray Mine 
(and historically from other sources). An overland conveyor (Conveyor 9), approximately 
2,000 feet long, has a portion (about 400 feet in length) that passes over some of Hayden’s 
residential streets and directs ore from the crusher to the mill building at the concentrator 
facility (see Figures 1-1, 1-2 and 1-3).  

The tailings slurry pipelines extend from the concentrator area next to the town of Hayden 
swimming pool, south to Tailings Impoundment AB/BC and Tailings Impoundment D 
located adjacent to the Gila River.  

Hayden’s drinking water is supplied by a wellfield, which is operated by ASARCO and is 
located south of Hayden and east of Tailings Impoundment AB/BC. Winkelman’s drinking 
water is supplied by three wells, which are operated by the Arizona Water Company, 
located east of town within the community park adjacent to the Gila River. 
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ES.4 Current Operations 
In the current Ray Complex operations, sulfide ore undergoes primary crushing at the 
Ray Mine and is transported by rail to the Hayden operations. ASARCO manages the 
concentrator and smelter operations separately with each operation having a separate 
entrance. At the concentrator facility, the ore is offloaded at the track hopper, and passed 
through a secondary crushing process where it is further reduced in size. The ore is 
transported by Conveyor 9 (a portion of which is overhead) to the mill building, where the 
ore is pulverized to sand size or smaller, and then converted to a slurry. The ore slurry is 
directed to froth flotation tanks where the copper minerals are separated from the bulk of 
the copper ore. The copper-rich concentrate, which contains about 25 to 30 percent copper, 
is sent to the smelting operation for further processing. The tailings waste from the froth 
flotation process is sent to the thickeners, and then transported as slurry in the tailings 
pipeline and deposited on Tailings Impoundments AB/BC and D.  

The copper-rich concentrates are then transported to the smelter facility, which includes an 
oxygen flash furnace, converters, anode casting, oxygen plant, and acid plant. The 
concentrates are unloaded and blended with fluxes, then transferred to fluid bed dryers 
where they are dried and stored prior to being introduced into the oxygen flash furnace. The 
copper concentrates ignite, melt, and partition to produce matte (approximately 55 percent 
copper) and slag. The matte from the flash furnace is subsequently processed in converter 
furnaces to remove additional impurities and produce blister copper (approximately 
98.5 percent copper). Finally, the blister copper is further processed in anode furnaces to 
produce copper anodes that are 99 percent pure. The anodes are shipped offsite for final 
processing. During the smelting process, sulfur from the ore is oxidized to form SO2 gas, 
which is converted to sulfuric acid in the sulfuric acid plant. Slag from the smelter 
operations is transferred to open waste stockpiles located immediately southeast of the 
smelter operations area. 

The tailings impoundments are managed as part of the concentrator operations. Tailings 
Impoundment AB/BC is located south of State Route 177 and north of the Gila River, 
extends for a length of approximately 2.5 miles, and has a maximum width of one mile and 
a maximum height of 200 feet. The newer Tailings Impoundment D is located south of the 
Gila River, extends for a length of approximately two miles, has a maximum width of 
1,500 feet, and a maximum height of 150 feet. 

ES.5 Field Data Collection Overview 
ES.5.1 Soil Sampling 
The purpose of the surface soil sampling was to develop a better understanding of 
contaminant levels, potential contaminant source(s), and contaminant migration patterns in 
soils over a broader area. 

Non-Residential Soil Sampling Activities 
A total of 270 non-residential soil sample locations were selected within and outside the 
town limits of Hayden and Winkelman based on the potential human risk of exposure to 
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metals by a variety of routes. The following sample locations were included as part of 
the RI: 

1. Washes (Figures 4-2 through 4-5) – A total of 32 samples were collected in San Pedro 
and Power House washes, above (north of) Highway 177 to determine concentrations of 
metals and evaluate data gathering methods. 

2. ASARCO Property (Figures 4-2 through 4-5) - A total of 77 locations on and near 
ASARCO property were sampled, including the crusher facility (7), Kennecott Avenue 
Wash (10), former Kennecott smelter (15), perimeter of the concentrator (27), perimeter 
of the smelter (1), the slag dump (1), south of the slag dump (4), and at the two tailings 
impoundments (12). 

3. Winkelman School Complex (Figures 4-6 through 4-8) (including staff housing on school 
property) - A total of 38 locations were sampled around the school buildings, athletic 
fields, and playgrounds. An additional 26 sample locations were collected around the 
three residential school-owned properties on Lobo Lane, adjacent to and west of the 
school complex. 

4. Hayden Public Areas and Golf Club (Figures 4-7 through 4-9) - A total of 10 locations 
were sampled in the public areas around the Hayden Library and adjacent park. Also, a 
total of 33 sample locations were sampled at and near the Hayden Public Golf Club and 
from the adjacent access road east of Tailings Impoundment AB/BC. 

5. Upland and Surrounding Areas (Figures 4-10 and 4-11) - Samples were collected from 
13 locations (total of 26 samples, which included a surface and subsurface sample at 
each location) in upland areas, to help evaluate soil quality in surrounding and 
background areas. Samples were also collected from two locations (total of four samples, 
which included a surface and subsurface sample at each location) along State Route 77 
northeast of Winkelman.  

Most non-residential samples were collected as surface soil samples, from 0-2 inches below 
ground surface (bgs). 

Residential Soil Sampling Activities 
The residential soil sampling activities included the collection of soil samples from 
130 habitable homes within Hayden and Winkelman. This total consisted of 99 homes in 
Hayden and 31 homes in Winkelman (see Figures 4-12 to 4-23).  

Sample locations were selected within the town limits of Hayden and Winkelman based on 
the potential human risk of exposure to metals. During the planning process, Hayden and 
Winkelman were divided into 26 separate zones. At least 30 percent of all residential lots in 
zones located closer to active operations were samples, while a lower sample frequency of at 
least 15 percent was employed for zones further from active operations.  

Prior to sampling, a signed access agreement was obtained from the property owner or 
tenant at each residence. Ten surface samples were collected on each residential lot, which 
consisted of nine surface soil samples (0-2 inches bgs) and one subsurface sample 
(10-12 inches bgs).  



EXECUTIVE SUMMARY 

vi ES022008005PHX 

All soil samples were analyzed for metals using a field portable x-ray fluorescence (FPXRF) 
instrument, and approximately 10 percent of samples were submitted for CLP analysis of 
TAL metals. Later, it was decided to submit all samples that were initially analyzed by 
FPXRF only (and retained in secure storage) for laboratory analysis of arsenic, copper, and 
lead.  The results and conclusions for soils presented in this report are based on laboratory 
data only.  

ES.5.2 Surface Water and Sediment Sampling 
The purpose of the sediment sampling was to develop a better understanding of 
contaminant levels, potential contaminant source(s), and contaminant migration patterns 
over a broader area. 

The combined surface water and in-stream sediment sampling activities were conducted in 
March 2006 (Winter event) and August 2006 (Summer event). Soil sampling from riparian 
communities was conducted adjacent to the Gila and San Pedro Rivers in April 2006.  

The combined surface water and in-stream sediment sample locations were selected along 
the Gila and San Pedro Rivers based on the potential ecological and human risk due to 
exposure to Site-related contaminants by a variety of routes. During both the Winter and 
Summer sampling events, surface water and in-stream sediment samples were collected 
from a total of 11 locations along the Gila River and two locations along the San 
Pedro River. 

The stable and unstable riparian sediment samples were collected in the nearest suitable 
habitat adjacent to the 11 Gila River locations and the two San Pedro River locations. In 
addition, five additional biased sample locations in the Gila River flood plain (between the 
confluence of the Gila and San Pedro Rivers and Last Chance Basin), were selected.  

ES.5.3 Groundwater Investigation and Sampling 
The purpose of the installation of new monitoring wells was to compliment the existing 
monitor well network, evaluate shallow groundwater quality impacts, and evaluate 
groundwater flow conditions within and around the Site. The purpose for the two 
groundwater sampling events was to evaluate the nature and extent of possible 
contamination within and around the Site during winter and summer periods. 

Five monitoring wells were installed in the study area. Groundwater level measurements 
from all new and selected existing monitor wells were collected. Finally, selected existing 
monitoring wells and the newly installed monitoring wells, as well as selected drinking 
water supply wells, manifolds and taps in Hayden and Winkelman, were sampled in March 
2006 (Winter event) and August 2006 (Summer event). 

ES.5.4 Air Sampling 
The purpose of this task was to further characterize the concentrations of contaminants from 
the Site at discrete points within Hayden and Winkelman. This was conducted by installing 
PM10 and meteorological stations in Hayden and Winkelman. The Hayden monitoring 
station was placed on the roof of the Town of Hayden maintenance building. The 
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Winkelman monitoring station was placed on the roof of the Winkelman High School 
gymnasium. 

The air investigation involved collection of meteorological, PM10, and metals data from two 
new air monitoring stations. The new stations were programmed to collect samples for a 
24-hour period from midnight to midnight every sixth day. The Hayden monitoring 
operations have been ongoing since October 2006, while the Winkelman monitoring 
operations have been ongoing since November 2006. An assessment of background air 
concentrations was also conducted based on data from the Organ Pipe National Monument 
air monitoring station (Organ Pipe station).  

ES.5.5 Interior Dust Sampling 
The purpose of the residential interior dust sampling task was to evaluate metals 
concentrations in dust samples from selected homes. This task involved laboratory analyses 
of samples collected from 18 locations in Hayden and four locations in Winkelman. The 
homes were selected based on concentrations of arsenic in soil detected during residential 
surficial soil sampling activities in January and February 2006. The sample locations were 
selected to generally include those homes where relatively low, medium, and high arsenic 
concentrations were found in soils. At each selected location, indoor dust samples (from 
occupied areas of the home) were collected, and attic dust samples were collected at those 
homes with accessible attics. 

ES.5.6 Ecological Investigation 
The purpose of this task was to characterize the terrestrial and aquatic habitats in the project 
area, as well as in a reference area (i.e., an area with similar vegetation, geology, slope, etc., 
but that is not impacted by the Site). These characterizations included general habitat 
mapping and wildlife observations, in general accordance with EPA guidance for ecological 
assessments. These activities were conducted in support of the SLERA. 

Prior to beginning the field study, a preliminary habitat map was created using existing 
remote sensing data (i.e., recent, high-resolution aerial photographs of the area, topographic 
maps, National Wetlands Inventory maps, and Natural Resources Conservation Service soil 
maps). A limited field survey was then conducted to verify/ground-truth assigned 
terrestrial and aquatic habitat types as determined by the initial maps, to identify habitats in 
the vicinity of soil, sediment, and water sampling areas, and to record characteristic 
vegetation and general wildlife utilization patterns within the project and reference areas. 

ES.6 Findings and Conclusions 
The following sections describe the findings for each type of media that was sampled during 
the RI. 

ES.6.1 Non-Residential Soils 
The results for non-residential surficial soils indicate that arsenic, copper, and lead are the 
primary contaminants of concern (COCs). This is indicated by the elevated arsenic, copper, 
and lead impacts above the Arizona Residential Soil Remediation Levels (R-SRLs) and 
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above background upper tolerance limit (UTL) concentrations. A small number of non-
residential properties showed exceedances of R-SRLs for other metals, but none of these 
metals are widespread at elevated concentrations. These results indicate that nonresidential 
soils are markedly influenced by ASARCO operations. As shown on Figures 4-2 through 
4-11, soils at ASARCO facilities (particularly the perimeter of the concentrator and former 
Kennecott smelter areas and the smelter perimeter and slag dump areas) generally contain 
the highest concentrations of metals, while nonresidential soils on non-ASARCO properties, 
including the Winkelman and upland areas, contain the lowest concentrations. The washes 
located near the ASARCO operations (especially Power House Wash) also appear to be 
directly affected by ASARCO operations. 

ES.6.2 Residential Soils 
Data collected from the surficial soil sampling at Hayden and Winkelman residential 
properties indicates that the primary COCs are arsenic, copper, and lead.  

Hayden Residential Soils 
Based on the laboratory results of the 99 homes sampled in Hayden, only one parcel in 
Hayden has an arsenic 95% upper confidence level (UCL) concentration below the R-SRL of 
10 mg/kg (Figure 4-12). Also, four other parcels display arsenic UCL concentrations just 
over the R-SRL but below the Hayden area background UTL value of 12.5 mg/kg. Together, 
these five parcels are all located in the most distant zones from active operations. The 
remaining 94 parcels in Hayden display UCL values above both the R-SRL and background 
values. The UCL concentrations in these 94 parcels range from 13.4 mg/kg in parcel 101-07-
259, (Zone 4), to 540 mg/kg in parcel 101-07-089T (Zone 9, just south of the former 
Kennecott smelter area).  

As shown on Figure 4-12, the highest arsenic concentrations are in Zones 7, 8, 9, 10, 16, and 
17 located south of the former Kennecott smelter area and west of the active concentrator 
operations. The next most impacted area is represented by Zones 12, 13, 14, and 15 located 
in northeast Hayden and in relative close proximity to ASARCO’s concentrator facility.  

Figure 4-13 shows that the subsurface arsenic soil concentrations are considerably lower 
than surface soil concentrations. Nearly half of the subsurface soil samples (46 samples) 
display arsenic concentrations below the R-SRL.  

Only nine of the 99 parcels in Hayden have copper UCL concentrations below the R-SRL of 
3,100 mg/kg (Figure 4-14). Eight of these nine parcels are located in the most distant zones 
in Hayden from the concentrator operations. However, all nine of these parcels have copper 
UCL concentrations above the Hayden area background value of 1,270 mg/kg. The 
remaining 90 parcels in Hayden display UCL values above the R-SRL, and therefore, well 
above background value. The UCL concentrations in these 90 parcels range from 3,350 
mg/kg in parcel 101-07-259 (Zone 4), to 39,700 mg/kg in parcel 101-09-140 (Zone 16, near 
the active concentrator operations).  

As shown on Figure 4-14, the pattern of elevated copper concentrations is similar to that 
displayed for arsenic. The highest copper concentrations are in Zones 7-9, located south of 
the former Kennecott smelter area and west of the active concentrator operations, and in 
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Zones 10 and 16, located in northeast Hayden and adjacent to ASARCO’s concentrator 
facility.  

Figure 4-15 shows that the subsurface copper soil concentrations are considerably lower 
than surface soil concentrations. All but 24 of the 99 subsurface soil samples display copper 
concentrations below the R-SRL. Most of the subsurface soil samples with concentrations 
below the R-SRL are also below the background value, although several parcels, primarily 
those located closer to active concentrator operations, are above the background value. 

The lowest lead UCL concentration is in parcel 101-07-185C (51.8 mg/kg), located in the 
most distant zone in Hayden from the concentrator operations (Figure 4-16). The highest 
lead UCL concentrations are in parcels 101-09-088 (92,600 mg/kg, Zone 15), parcel 101-09-
004 (8,170 mg/kg, Zone 12), and parcel 101-09-077 (7,250 mg/kg, Zone 14), located in central 
Hayden. The lead concentration in the Zone 15 parcel is anomalously high (an order of 
magnitude above the next highest values) and exceeds levels in non-residential soil samples 
on ASARCO property, suggesting that other possible sources of lead may be present on this 
parcel. Overall, the largest percentage of parcels with lead UCL concentrations above the 
R-SRL are in Zones 10, 12, 13, 14, and 16, located in relatively close proximity to 
concentrator operations. As indicated on Figure 4-16, the lead values in non-residential soil 
samples collected on the concentrator property are above the Hayden area background level 
of 47.9 mg/kg, but below the R-SRL and in most cases below the UCL values in nearby 
residential parcels. These data indicate that ASARCO operations may be a source of lead, 
along with other sources such as lead-based paint. 

As indicated on Figure 4-17, the subsurface lead soil concentrations are considerably lower 
than surface soil concentrations. Approximately 30 percent (30 parcels) have lead 
concentrations below the background value. Regarding exceedances, 12 parcels have lead 
values above the screening value of 212 mg/kg, and seven parcels have lead values above 
the R-SRL of 400 mg/kg. Lead concentrations in these seven lots range from 433 mg/kg to 
1,340 mg/kg and are located in Zones 2, 8, 10, 12, 13, 14, and 16.  

Winkelman Residential Soils 
Only five of the 31 parcels in Winkelman have arsenic UCL concentrations above the R-SRL 
(and therefore also above the Winkelman area background value of 9.1 mg/kg). The arsenic 
UCL concentrations in these five parcels range from 16.6 mg/kg (parcel 101-12-142) to 112 
mg/kg (parcel 101-12-071). Figure 4-18 shows these parcels are all located in Zones 18, 19, 
and 21, in the central and southern areas of Winkelman.  

The subsurface arsenic soil concentrations are generally lower than surface soil 
concentrations (Figure 4-19). Only one subsurface soil sample (101-12-008J, 12.3 mg/kg) 
exceeds the R-SRL; the concentration in this subsurface soil sample along with one other 
subsurface soil sample (101-10-019, 9.4 mg/kg) exceeds the background value of 9.1 mg/kg. 

Only two of the 31 parcels in Winkelman have copper UCL concentrations above the R-SRL. 
The copper exceedances are found in two neighboring parcels in Zone 21: parcel 101-12-149 
(5,130 mg/kg) and 101-12-150 (4,410 mg/kg). Arsenic UCL exceedances were also found for 
these two parcels. In addition, parcels 101-12-142 (1,390 mg/kg) in zone 21 and parcel 
101-12-093 (1,040 mg/kg) in zone 20 exceeded the Winkelman area background value of 882 



EXECUTIVE SUMMARY 

x ES022008005PHX 

mg/kg. All other copper UCL concentrations in Winkelman parcels are below the 
background level (Figure 4-20).  

As indicated on Figure 4-21, all subsurface copper concentrations are below both the 
background and R-SRL values in all samples.  

Only five of the 31 parcels in Winkelman have lead UCL concentrations above the R-SRL 
(Figure 4-22). The highest lead exceedance is found in Zone 21 parcel 101-12-149 (2,330 
mg/kg). Of the remaining 21 Winkelman parcels, 18 display lead UCL concentrations above 
the Winkelman area background concentration of 45.8 mg/kg. Because nonresidential soil 
samples collected in the northern part of Winkelman are generally below background lead 
levels, the residential soils data suggest that some limited lead-based paint impacts may 
exist as wells as other industrial sources in the southern part of town.  

As indicated on Figure 4-23, the subsurface lead concentrations are below the R-SRL values 
in all samples. Nine additional samples exceed the background value of 45.8 mg/kg. 
Overall, the subsurface lead impacts are relatively limited.  

ES.6.3 Surface Water and Sediments 
Surface Water Samples 
Surface water samples were collected at 13 locations, including 11 locations along the 
Gila River and two locations along the San Pedro River. The 13 surface water samples 
collected during two sampling events (Winter - Figure 4-24, and Summer – Figure 4-25). 
Elevated concentrations of several analytes were clearly evident at the two Gila River 
sampling locations (GR-SW-06 and GR-SW-07) located between the tailings impoundments, 
compared to other upstream and downstream locations, as indicated on the histograms 
(Figures 4-26 through Figure 4-34). The total and dissolved concentrations of aluminum, 
arsenic, barium, beryllium, calcium, cadmium, chromium, cobalt, copper, iron, lead, 
magnesium, manganese, nickel, potassium, sodium, thallium, vanadium, and zinc as well as 
total mercury, molybdenum, selenium, and silver, were generally higher in these two 
samples than in other Gila River samples. These elevated concentrations were most 
pronounced in samples collected in the Summer event when flows were about 4 times 
higher than during the Winter event. Although no winter sampling event samples exceeded 
Arizona Aquatic and Wildlife Water Quality Criteria (AAWWQC) or Preliminary 
Remediation Goals (PRG) levels (with the exception of arsenic), several exceedances were 
noted in the Summer event samples at GR-SW-06 and/or GR-SW-07 only, and these levels 
were also considerably above background levels measured in upgradient samples GR-SW-
01 and GR-SW-02. 

Surface water samples from the San Pedro River location SPR-SW-02 displayed higher 
concentrations for some analytes as compared to Gila River sampling locations. Total and 
dissolved arsenic, barium, boron, calcium, chromium, cobalt, iron, magnesium, 
molybdenum, nickel, potassium, selenium, and sodium, total copper, lead, and silver, and 
dissolved manganese, vanadium, and zinc were generally greater in San Pedro River 
samples relative to Gila River samples. Dramatic seasonal differences in concentrations in 
the San Pedro River samples were evident through analytes such as aluminum, barium, 
iron, and manganese, which were higher during the Summer sampling event, although 
analytes like magnesium and sodium were higher during the Winter sampling event. These 
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elevated levels in the San Pedro River samples may result from different geology, mining 
activity or lower flow conditions, resulting in less dilution, and therefore, higher 
concentrations of these metals. 

Despite the increased concentrations observed in the San Pedro River samples and in 
Gila River samples GR-SW-06 and GR-SW-07, the downgradient samples did not show 
AAWWQC or PRG exceedances (with the exception of arsenic). 

Sediment Samples 
In-stream sediment samples showed metals (arsenic, lead, manganese, and vanadium) 
concentrations in upstream, between tailings impoundments, and downstream of the 
tailings impoundments, which indicate that additional data are needed to differentiate 
upstream contributions and the full extent of impacts. With few exceptions, analyte 
concentrations within in-stream sediment samples from the San Pedro River exhibited 
generally lower concentrations (but higher surface water metals concentrations) than those 
obtained from the Gila River sampling locations. Large seasonal variations were also 
evident among the San Pedro River samples.  

For the riparian sediment samples, elevated concentrations above the R-SRL or EPA PRG of 
arsenic, lead, and vanadium are present at upstream locations. However, only arsenic had 
concentrations exceeding these standards between the tailings impoundments and 
downstream of the tailings impoundments. Unstable riparian sediments generally had 
higher and more variable concentrations than were observed in associated stable riparian 
sediments. 

ES.6.4 Groundwater 
The groundwater investigation confirmed that groundwater from the concentrator and 
smelter facilities generally flow towards the Gila River. In general, the groundwater quality 
data from the two sampling events (Winter and Summer) show concentrations exceeding 
comparison criteria for aluminum, arsenic, iron, copper, manganese, molybdenum, 
selenium, and vanadium. Most exceedences are in groundwater samples collected from 
monitoring wells located near active ASARCO concentrator and smelter operations, with a 
limited number of exceedences from production wells.  

Cadmium, chromium, lead, and mercury had either singular exceedances or none at all, and 
therefore, are not considered COCs in groundwater. Arsenic concentrations at every sample 
location exceeded the PRG, however, only six monitoring well locations had concentrations 
exceeding the MCL of 10 mg/L. Monitoring wells with generally high sulfate concentrations 
(above the secondary MCL of 250 mg/L) are H-2A, H-3, H-8, H-9, LC-1, and SM-2. All 
monitoring wells on Site have sulfate and TDS concentrations greater than the secondary 
MCL standards (250 mg/L and 500 mg/L, respectively). 

The Hayden production wells do not display elevated levels of metals concentrations. The 
only exceedances occurred at the Winkelman wellfield. The sample from WM-4 had 
exceedances for total and dissolved manganese and dissolved copper. Samples collected 
from the Winkelman Wellfield Manifold had exceedances for total manganese and 
dissolved selenium. Moreover, samples from the Hayden wellfield wells generally have 
sulfate and TDS concentrations greater than the secondary MCLs. Samples from the 
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Winkelman wellfield wells generally show only TDS concentrations above the secondary 
MCL. Samples collected at the Winkelman Elementary School drinking fountain had an 
exceedance of total and dissolved copper, which may be related to the piping distribution 
network. Similarly, the sample from the Hayden Library drinking fountain had an 
exceedance of dissolved copper in the Summer sampling event (which may be related to the 
piping), but not in the Winter event. 

ES.6.5 Air 
For this report, data from the period October 22, 2006, to November 7, 2007, were evaluated, 
along with data from two annual three-week smelter shutdown periods in 2007 and 2008. 
Data from this study show that the concentrations of PM10 and metals in the Hayden and 
Winkelman stations far exceed the measured concentrations at the background Organ Pipe 
station. The average PM10 concentrations at Hayden and Winkelman stations were 
approximately 2.36 and 1.26 times higher, respectively, than average PM10 concentrations at 
the Organ Pipe station. Arsenic and cadmium were not found above the method detection 
limit (MDL) at the Organ Pipe station. However arsenic and cadmium concentrations at the 
Hayden station exceeded the Organ Pipe sample MDL values by a factor ranging from 40-80 
and 7.55, respectively, and exceeded the PRG levels by a factor of 53 and 4, respectively.  
The average ambient air concentrations of copper, lead, and chromium at the Hayden 
station were 510, 64, and 3.6 times higher, respectively, than average levels at the Organ 
Pipe station. The average ambient air concentration of copper, lead, and chromium at the 
Winkelman station were 203, 17, and 1.9 times higher, respectively, than average levels at 
the Organ Pipe station.  

The PM10 concentrations in the Hayden station samples are about twice the levels in the 
Winkelman station samples. The concentrations of arsenic, copper and chromium are about 
2.5 times higher in Hayden station samples compared to Winkelman station samples. Lead 
concentrations in Hayden station samples are about 3.5 times higher than levels in 
Winkelman station samples. The higher concentrations in the Hayden area are likely 
attributed to the closer proximity to active concentrator and smelter operations. 

Data collected during the smelter shutdown periods show that average PM10 and metals 
concentrations are considerably lower compared to average concentrations during the 
overall monitoring period.  

ES.6.6 Interior Dust  
Of the 22 indoor residential dust sample parcel locations, 18 parcels were in Hayden and 
four parcels were in Winkelman. The increased concentration of sample locations in Hayden 
was in direct response to the elevated metals concentrations found in Hayden residential 
soil samples relative to Winkelman residential soil samples. Indoor dust samples were 
collected from occupied living areas at all residences, and from attics where they were 
present and accessible (11 of the locations). Of these 22 sample locations, 17 locations had 
dust sample results that exceeded the arsenic R-SRL, 15 locations exceeded the copper R-
SRL, and eight locations exceeded the lead R-SRL. Of the 11 attic samples, nine were 
collected in Hayden with all nine samples exceeding the R-SRLs for arsenic, copper, and 
lead. Two attic dust samples were collected in Winkelman and both had exceedences of the 
arsenic R-SRL only. 
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ES.6.7 Data Gaps  
The following primary data gaps are provided per media, based on data collected during 
the RI. These data gaps should be addressed during subsequent phases of remedial 
investigation at the Site and study area. 

Non-Residential Soils 
• Additional soil samples encompassing the entire former Kennecott smelter area are 

needed to further characterize the vertical and horizontal extent of contamination within 
the area, with an extensive analysis of metals suite (including molybdenum and 
vanadium) to determine other possible contaminants of concern. 

• Additional soil samples collected from the active concentrator area, beyond the 
perimeter of public areas, are needed to determine the vertical and horizontal extent of 
contamination, with an extensive analysis of metals suite to determine other possible 
contaminants of concern. 

• Additional soil sampling of the entire area at the active smelter area is needed to 
determine the vertical and horizontal extent of contamination, with an extensive analysis 
of metals suite to determine other possible contaminants of concern. 

• Additional soil sampling of other public and commercial areas within the towns of 
Hayden and Winkelman is needed, to determine the vertical and horizontal extent of 
contamination, with an extensive analysis of metals suite to determine other possible 
contaminants of concern.  

Residential Soils 
• Only a limited number of residences in Hayden and Winkelman were sampled during 

the RI, and additional sampling is needed, especially at residences located in relatively 
close proximity to the active concentrator facility. 

• Only one subsurface soil sample was collected on each property, and additional 
sampling is needed to better delineate the vertical extent of impacts. 

• A recontamination assessment is needed to determine the possibility and rate of 
recontamination of the area residential soils from the on-going air contamination. 

Surface Water and Sediment 
• To delineate the extent of surface water impacts from smelter emissions and assess 

possible upstream contributions, additional samples are needed upstream on the Gila 
and San Pedro Rivers. 

• To delineate the extent of in-stream and riparian sediment impacts and assess possible 
upstream contributions, an increased density of samples is needed upstream and 
downstream on the Gila and San Pedro Rivers. 

• Further characterization by an increased density of samples collected of riparian 
sediment is needed to evaluate the impact of the tailings impoundments.  
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• Additional rounds of surface water and sediment sampling are needed to evaluate 
impacts seasonally and to evaluate longer term trends. 

Groundwater 
• More upgradient monitoring wells are needed to assess and define background 

groundwater quality conditions. 
• There are very few monitoring wells located on former and currently active ASARCO 

operations, especially the smelters, concentrator, and slag dump areas. Additional wells 
are needed to identify possible source areas and the extent of impact. 

• To better assess the influence of the alluvial aquifer on the chemistry and flow rate of the 
Gila River, installation of additional monitoring wells in the vicinity of the Gila River are 
needed; this includes in proximity to the tailings impoundments. 

• Additional information on the individual production well operations is needed to better 
assess regional groundwater flow and pumping effects. 

• Installations of additional stream gauges, and a monitoring well near the SW-04 sample 
location, are needed to evaluate the possible connection of groundwater and surface 
water. 

• The groundwater elevation data suggests that ARU-1 is disconnected from water levels 
within the Gila River alluvium; confirmation or resurveying of the top-of-casing 
elevation is needed (and based on additional groundwater elevation measurements, a 
more reliable downgradient monitoring well may be needed to assess impacts of tailings 
impoundments on the Gila River alluvial aquifer). 

• An independent confirmation of vertical and horizontal coordinates for the existing 
monitoring and production well locations was not conducted as part of the RI. An 
updated and accurate survey of all monitoring well locations is needed to provide 
greater confidence in the groundwater elevation contouring. 

• Continual quarterly or monthly water level monitoring and groundwater sampling are 
needed to evaluate impacts seasonally and to evaluate longer term trends. 

Air 
• A source apportionment study is needed to identify the relationship between emission 

sources and measured concentrations of metals. 

• Only the PM10 fraction of lead in ambient air was measured. A TSP monitor is needed to 
analyze for lead and compare with the NAAQS value.  

• No background air monitor was installed for this investigation. A limited set of data 
were used (approximately 15 samples) from the background Organ Pipe station. More 
background air stations with more samples are needed to allow for more precise 
averages. 

• A co-located air monitor is needed next to the Hayden and/or Winkelman air monitoring 
stations to allow for a QA/QC of data from that air monitoring station. 

• Monitoring and differentiation of acid gases in the air are needed at the Site and study 
area. 
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• Analysis of the collected air monitoring filters for particulate morphology and speciation 
is needed to assist in source attribution. 

• Detailed ambient air monitoring stations closer to suspected source areas are needed to 
better evaluate possible unknown sources. 

• Sampling of fine grained soils is needed in industrial areas for determination of these as 
possible air impact sources from entrainment during high wind events. 

• Point source air monitoring for stack and near-ground emission sources is needed. 

• Day and night short term sampling events for emissions comparison are needed. 

• High wind short term sampling events for emissions comparison are needed. 

Interior Dust 
• The dust sampling was of a very limited extent and included a very few number of 

residences. Additional sampling from other residences in potentially impacted areas is 
needed to confirm metals concentrations in these other areas. 

• Lead-specific sampling is needed to differentiate between Site-related lead and the 
impact of lead-based paint on lead concentrations detected in dust samples. 

• Additional dust samples are needed from public areas (such as schools, library, post 
office, commercial, and retail businesses) to determine the extent of dust contamination 
in these areas. 

ES.7 Soils Removal Action 
Based on residential soil sampling data collected during the RI, an agreement between EPA 
and ASARCO was signed in March 2008, under which ASARCO performed and paid for 
removal of contaminated soil at 15 privately-owned residential parcels in Hayden and 
Winkelman. This cleanup work was conducted with oversight from EPA, and took place 
between late March and early June 2008. EPA reviewed the residential soil sample data from 
the RI and decided to promptly address those residential yards with the highest 
concentrations of arsenic, copper, and lead. Yards where soil contamination levels exceeded 
200 mg/kg of arsenic, 2,000 mg/kg of lead, or 20,000 mg/kg of copper were selected for 
cleanup. Based on these soil concentration levels, the following 14 properties in Hayden 
were selected by EPA and then cleaned up by ASARCO: 

1. 101-07-035AS 
2. 101-07-040 
3. 101-07-066 
4. 101-07-089Q 
5. 101-07-089S 
6. 101-07-089T 
7. 101-07-091 
8. 101-09-004 
9. 101-09-036 
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10. 101-09-039 
11. 101-09-070 
12. 101-09-077 
13. 101-09-088 
14. 101-09-140 

In Winkelman, one residential yard (101-12-149) was selected by EPA and then cleaned up 
by ASARCO. 

The soil cleanup activities consisted of removing the top 1-2 feet of soil, replacing it with 
clean fill, re-grading the area, and adding a stabilizing sod cover. The interiors of some of 
the homes were also addressed. 

ES.8 Administrative Order on Consent for Future Study and 
Cleanup 

On April 15, 2008, EPA, U.S. Department of Justice (DOJ), ADEQ, and ASARCO signed a 
second agreement to perform additional investigation and cleanup work in the towns of 
Hayden and Winkelman. The agreement, referred to as an Administrative Settlement 
Agreement and Order on Consent (AOC), describes the investigation and cleanup 
responsibilities of ASARCO. The AOC was approved and became effective on May 27, 2008. 
Key features of the AOC include: 

• Additional Sampling of Residential Yards. All remaining yards of occupied residences in 
Hayden and portions of Winkelman that were not sampled during this RI will be 
sampled by ASARCO. 

• Additional Cleanup of Residential Yards. Yards will be cleaned up at all residences 
where soil concentration levels exceed 24.3 mg/kg for arsenic, 400 mg/kg for lead, and 
9,300 mg/kg for copper. 

• Study and Cleanup of ASARCO Property. A further study will be completed to identify 
releases of any hazardous materials, evaluate cleanup methods, and conduct cleanup on 
and in the vicinity of ASARCO-owned property. The remedial investigation/feasibility 
study (RI/FS) will include additional sampling of soils, air, groundwater, and surface 
water. Additional human health/ecological risk assessment and reporting will also be 
required as part of this process.  

• Funding of Technical Assistance Plan for the Community. A Technical Assistance Plan 
(TAP) will be funded by ASARCO and will provide independent technical expertise to 
help the community understand the cleanup documents and proposed cleanup actions. 
The environmental expert will review Site documents, explain them to the community, 
and help residents frame their issues and concerns back to EPA and ASARCO. 

• Establish Financial Assurance. In order to ensure the completion of work called for in 
the AOC, ASARCO is required to establish and maintain a Performance Guarantee, such 
as a trust fund, in the amount of $15,000,000.  

Activities called for in the AOC will be initiated within 30 days of the AOC’s effective date. 
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ES.9 Overall Summary 
In summary, the RI results indicate that the current and former ASARCO operations have 
resulted in measurable impacts to soils, ambient air, and indoor dust, and to a lesser extent 
on groundwater, surface water and sediment. 

Data from the RI were used to prepare the Human Health Risk Assessment (HHRA) and 
Screening-Level Ecological Risk Assessment Report (SLERA) reports, presented as Volumes 
2 and 3, respectively, of this RI Report.    

Based on residential soils data collected during the RI, soil from the 14 most impacted 
residential properties in Hayden, and from one property in Winkelman, were cleaned up as 
part of an agreement between EPA and ASARCO. Under the AOC signed in April 2008, 
ASARCO will undertake additional studies to fill the data gaps identified during the RI, and 
complete further cleanup activities. 
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SECTION 1 

Introduction and Site Background 

1.1 Purpose and Context 
This report presents the rationale, procedures, and results of the investigation of industrial 
discharges from ore processing- and smelting-related activities in the area around Hayden 
and Winkelman, Arizona. The ASARCO Hayden Plant Site (Site) in Hayden, Arizona, is an 
active copper ore processing, concentrating, and smelter facility located in Gila County, near 
the confluence of the Gila River and San Pedro River (Figure 1-1). This report describes a 
remedial investigation (RI) of potential environmental impacts from Site operations, which 
date back to 1911, on air, soil, groundwater, surface water, and sediments in the vicinity of 
the Site. A preliminary evaluation of the two large tailings impoundments was also 
conducted. The field activities described in this report were conducted from November 2005 
through March 2008, in accordance with the “Final Workplan, Remedial Investigation at the 
ASARCO LLC Hayden Plant Site” (RI Workplan, CH2M HILL, 2005). All RI field activities are 
complete with the exception of the ongoing air investigation.  

The overall purpose of the RI is to identify the nature and extent of contaminants, migration 
pathways of the contaminants, and potential threats to human and ecological receptors in 
the study area. 

1.2 Site Location, Description, and History 
1.2.1 Site Location and Description 
Hayden is located approximately 100 miles southeast of Phoenix and 50 miles northeast of 
Tucson. Winkelman is located approximately one mile southeast of Hayden (Figure 1-1). 
The study area encompasses the towns of Hayden and Winkelman, the Site (defined as the 
area encompassing the ASARCO-owned and operated ore processing operation), and the 
area surrounding the confluence of the Gila River and San Pedro River (Figure 1-2). The 
active portion of the Site consists of ASARCO’s crusher, concentrator, smelter, and tailings 
impoundment areas. The crusher is located on the north side of State Route 177 and 
provides crushing of ore after arriving via the Copper Basin Railway from the Ray Mine 
(and historically from other sources). An overland conveyor (Conveyor 9), approximately 
2,000 feet long, has a portion (about 400 feet in length) that passes over some of Hayden’s 
residential streets and directs ore from the crusher to the mill building at the concentrator 
facility (Figure 1-3).  

The tailings slurry pipelines extend from the concentrator area next to the town of Hayden 
swimming pool, south to Tailings Impoundment AB/BC and Tailings Impoundment D 
located adjacent to the Gila River.  

Hayden’s drinking water is supplied by a wellfield, which is operated by ASARCO and is 
located south of Hayden and east of Tailings Impoundment AB/BC (Figure 1-3). 
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Winkelman’s drinking water is supplied by three wells, which are operated by the Arizona 
Water Company, located east of town within the community park adjacent to the Gila River 
as described in the Expanded Site Inspection Report: ASARCO, Inc., Hayden Plant. 
(ADEQ, 2003). 

1.2.2 Operational History 
The Ray Mine has been mined for copper since approximately 1880. One of the first owners 
of the mine was Ray Copper Company. This company transitioned to Ray Consolidated 
Copper Company (RCCC) with the acquisition of Globe Mines Exploration Company, Ltd. 
and Gila & Ray Copper Mines in 1898 and 1906, respectively. During this period, the towns 
of Winkelman and Hayden were founded. Winkelman was founded in 1887 and Hayden 
was founded in 1909 as a company town to provide housing for workers supporting the 
mining and smelting operations as described in the Aerial Photographic Analysis of ASARCO 
Hayden Study Area, Gila and Pinal Counties, Arizona; U.S. Environmental Protection Agency; 
December 2004 (EPA, 2004a). ASARCO constructed its Hayden smelter facility in 1911 and 
began operations to process ore from the Ray Mine in 1912. A 300-foot stack was built in 
1912 to handle reverberatory furnace and roaster (R&R) discharges, and a 250-foot stack was 
built in 1918 to discharge converter gases from the copper smelter. In 1933, Kennecott 
bought the Ray Mine from RCCC. The ASARCO Hayden smelter stopped receiving ore 
from Ray Mine in 1958, at which time Kennecott began operation of its own Hayden 
smelter, which included construction of a 600-foot stack. With development of a new type of 
concentrate haulage cars in conjunction with Southern Pacific Railroad, the ASARCO 
Hayden smelter was able to receive concentrates from Pima, Duval, Bagdad, Cyprus, Silver 
Bell, and Mission mines after 1958.  

In 1974, the 1,000-foot double-shell concrete stack was built by ASARCO to discharge 
exhaust gases from the smelting operations, which replaced the 300-foot R&R stack and 
250-foot converter stack. The Kennecott smelter was shut down in 1982 and selected 
structures were recently demolished by ASARCO. ASARCO completed modernization of its 
Hayden smelter in 1983, which included installation of an oxygen flash smelting furnace, 
construction of an oxygen plant to produce oxygen for the new furnace, construction of a 
second sulfuric acid plant to capture and reuse sulfur dioxide (SO2) emissions produced 
during smelting, and construction of a wastewater treatment plant to recover process water 
from the sulfuric acid plant for reuse. ASARCO’s smelter renewed processing of ore from 
the Ray Mine in 1983, and ASARCO bought the Ray Mine Division from Kennecott in 1986. 
The ASARCO Ray Complex was created from control of both the mine and processing 
operations. In 1996, the Hayden concentrator modernization was completed (ADEQ, 2003). 

Tailings disposal in the area, now known as Tailings Impoundment AB/BC, started in 1910 
at a rate of approximately 4,000 tons per day (tpd) as described in the Final Report, 
Geotechnical Engineering Services, Tailings Ponds AB, BC and D, Ray Unit, Hayden, Arizona, 
December 14, 1990 (Dames & Moore, 1990). By 1952, the rate had increased to 
approximately 16,000 tpd, followed by an increase to 21,000 tpd in 1960. A single-point 
discharge system was initially used for tailings disposal. By 1958, individual basins, 
separated by berms, were present. A geotechnical evaluation (Dames & Moore, 1990) 
reported on excess seepage at the contact between spigotted materials (coarser grained), and 
previously deposited materials (finer grained) deposited by the single-point discharge 



1.0 INTRODUCTION AND SITE BACKGROUND 

ES022008005PHX 1-3 

system. The tailings seepage concern was evident mainly along the western half of the 
tailings impoundments. The discontinuity eventually caused a slope failure in 1972 that 
resulted in a slope failure of 500 feet across and 30 to 50 feet deep. Another failure occurred 
in 1973. At the time of failure, water was seeping out of failed portions of the impoundment, 
and active piping was observed (Dames & Moore, 1990).  

• In 1982, construction of Tailings Impoundment D began with an 8,700 feet long, 48 feet 
high starter dike. After 29 weeks of tailings disposal behind the dike, settlement cracks 
and tailing seepage were observed by mine employees. The cracks and seepage were 
apparently caused by differential settlement between coarse- and fine-grained materials, 
and were reportedly addressed by ASARCO. 

The former Kennecott Copper Company (Kennecott) smelter area, located on the north edge 
of Hayden and north of the concentrator facility, underwent demolition work beginning in 
2004. Currently, the area consists of miscellaneous building debris, storage tanks, 
foundations, and an abandoned slag dump northwest of the former smelter. The former 
Kennecott smelter stack was not subject to the demolition activity as discussed during the 
CH2M HILL December 15, 2004 site visit with ASARCO personnel (ASARCO, 2004). The 
lime and filter plant facilities are still actively operated. 

An historical photographic analysis conducted to provide support to field investigations in 
the area is provided in the Aerial Photographic Analysis of ASARCO Hayden Study Area (EPA 
2004). The analysis documents environmental conditions and industrial activities on nine 
different dates over a period extending from 1958 through 2004. 

1.2.3 Current Operations 
In the current Ray Complex operations, sulfide ore undergoes primary crushing at the Ray 
Mine and is transported by rail to the Hayden operations. At the 27,400 tpd Hayden 
concentrator, the ore is offloaded at the track hopper and passed through secondary 
crushing processes where it is further reduced in size. The ore is transported by Conveyor 9 
(a portion of which is overhead) to rod mills and ball mills where the ore is pulverized to a 
sand size or smaller, and then converted to a slurry. The ore slurry is directed to froth 
flotation tanks where the copper minerals are separated from the bulk of the copper ore. The 
copper-rich concentrate, which contains about 25 to 30 percent (%) copper, is sent to the 
smelting operation for further processing (the smelter also receives concentrates directly 
from the Ray Mine operations). The tailings waste from the froth flotation process is sent to 
the thickeners, and then transported as slurry in the tailings pipeline and deposited on 
Tailings Impoundments AB/BC and D.  

The copper-rich concentrates are then transported to the 720,000 tons per year (tpy) Hayden 
smelter, located about 2,000 feet east-northeast of Hayden. The smelter facility includes an 
oxygen flash furnace, converters, anode casting, oxygen plant, and acid plant (ASARCO, 
2008). Although closely related, ASARCO manages the concentrator and smelter operations 
separately with each operation having a separate entrance. The concentrates are unloaded 
and blended with fluxes, then transferred to fluid bed dryers where they are dried and 
stored prior to being introduced into the oxygen flash furnace. The copper concentrates 
ignite, melt, and partition to produce matte (approximately 55% copper) and slag. During 
this process, sulfur from the ore is oxidized to form SO2 gas. The matte from the flash 
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furnace is subsequently processed in converter furnaces to remove additional impurities 
and produce blister copper (approximately 98.5% copper). Finally, the blister copper is 
further processed in anode furnaces to produce copper anodes that are 99% pure. The 
anodes are shipped offsite for final processing (ADEQ, 2003).  

The smelter facility includes several waste management activities. The active smelter 
building is approximately 11 stories tall, and a portion of the air emissions are released to 
the atmosphere through a 1,000-foot-tall stack. During the smelting process, sulfur from the 
ore is oxidized to form SO2 gas, which is converted to sulfuric acid in the sulfuric acid plant. 
Slag from the smelter operations is transferred to open waste stockpiles located immediately 
southeast of the smelter operations area (Figure 1-3). Treated wastewater and other process 
waters are discharged to containment pond CP-1, located east of the smelter. Decant water 
from the tailings impoundment is discharged to retention ponds located east of Tailings 
Impoundment AB/BC, where it is reclaimed into the process operations (ADEQ, 2003). 

Process/storm water management facilities (Figures 1-2 and 1-3) consist of several 
drainages and surface water impoundments located throughout the concentrator and 
smelter areas. These facilities include Power House Wash (separating the active smelter area 
from the concentrator/Hayden residential areas), emergency overflow and pump back 
ponds located south-southeast of Tailings Impoundment AB/BC, a large retention pond 
(Last Chance Basin) at the northwest edge of Tailings Impoundment AB/BC, and 
containment berms in selected areas of the tailings impoundments areas. 

The tailings impoundments are managed as part of the concentrator operations. Tailings 
Impoundment AB/BC is located south of State Route 177 and north of the Gila River, 
extends for a length of approximately 2.5 miles, and has a maximum width of one mile and 
a maximum height of 200 feet. The newer Tailings Impoundment D is located south of the 
Gila River, extends for a length of approximately two miles, has a maximum width of 
1,500 feet, and a maximum height of 150 feet. 

1.2.4 Previous Investigations  
Previous investigations at the Site have been conducted by U.S. Environmental Protection 
Agency (EPA) and Arizona Department of Environmental Quality (ADEQ), (including 
primarily the Air Quality Division and the Water Quality Division). In addition, the Arizona 
Department of Health Services (ADHS) joined with the Agency for Toxic Substances and 
Disease Registry (ATSDR) to prepare a Public Health Assessment (PHA); Public Health 
Assessment, ASARCO Hayden Smelter Site, Hayden, Gila County, Arizona (ATSDR, 2002). 
ASARCO has led investigations relating to underground storage tanks (USTs) and other 
compliance-related matters at the Site. The following summarizes the major investigations 
and other information at the Site: 

Preliminary Assessment – 1988. EPA conducted a Preliminary Assessment (PA) to 
determine if there were releases of hazardous substances determining eligibility for 
placement on the National Priorities List (NPL). Following the PA, a Site Inspection (SI) was 
recommended for the Site (ADEQ, 2003).  

Site Inspection – 1991. ADEQ conducted a non-sampling SI and concluded that based on 
documented releases to the air and soil, the Site qualified for further consideration under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA); 
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Preliminary Assessment/Site Inspection Report (ADEQ, 1991). EPA later decided that an 
Expanded Site Inspection (ESI) was needed (ADEQ, 2003).  

Underground Storage Tank Removal – 1989. In January 1989, ASARCO removed a 
1,000-gallon gasoline UST and a 1,000-gallon diesel UST located southwest of its smelting 
operations. During the removal, holes in the tanks were observed and evidence of a release 
was noted. ASARCO installed and operated a soil vapor extraction (SVE) system at the site 
of the gasoline release and initiated a quarterly groundwater monitoring and product 
removal program at the diesel release site as described in the UST Closure and 
Characterization Report, ASARCO Ray Complex; October 16, 1998 (Hydrometrics, 1998). Based 
on an inquiry to the ADEQ Tanks Program Division, the case numbers for the gasoline and 
diesel USTs are 635.01 and 635.01, respectively. The gasoline UST case was closed on 
June 14, 1996. For the diesel UST case, ADEQ received a “cased closed request” from 
ASARCO on January 24, 2008, (ADEQ, 2008).  

Underground Storage Tank Removal – 1998. In September 1998, during the removal of two 
5,000-gallon gasoline USTs located near the concentrator operations, holes in the USTs were 
noted and a gasoline release was reported. Contaminated soil was excavated and removed 
from the UST location. According to ADEQ’s UST Corrective Action Section, groundwater 
contamination is not known to be related to the UST releases at this Site (Hydrometrics, 
1998). Based on a review of the ADEQ US Track Database (updated on a semiannual basis), 
these two cases were closed on November 29, 2005 (ADEQ, 2007).  

Preliminary Hazard Analysis – 1999. In conjunction with ATSDR, ADHS conducted a PHA 
for the study area, which consisted of obtaining 10 environmental soil samples within 
Hayden and Winkelman to evaluate levels of contamination. From June to October 1999, 
public health surveys were conducted of the residents of Hayden and Winkelman. Blood 
lead levels were evaluated for some children aged 6 to 72 months, and urinary arsenic levels 
were checked in some adults and children. The study also summarized air quality data 
obtained from 1991-1998 from the dichot particulate monitoring station maintained by 
ADEQ at the Hayden Jail location, and compared data against ATSDR Comparison Values 
(CV) for arsenic (0.0002 micrograms per cubic meter [μg/m3]), lead (National Ambient Air 
Quality Standard [NAAQS] of 1.5 μg/m3 - for a quarterly period), and SO2 (25 μg/m3 for a 
3-hour period). The CVs are concentrations of a chemical below which adverse health effects 
are unlikely to occur. The CVs are not used to define specific adverse health effects from 
exposure, but instead to help determine if additional contaminant-specific investigation is 
needed.  

The PHA reported that the average concentrations of metals in soils were not above ATSDR 
CVs except for lead; however, the sample locations were not specified, only 10 samples were 
collected, and the sampling depth (0-6 inches below ground surface [bgs]) may not be fully 
indicative of surface soil impacts (0-2 inches bgs). Elevated urinary arsenic levels were 
found in a limited number of residents. The arsenic CV was exceeded in outdoor air, based 
on ADEQ data from the Hayden Jail, for each year from 1991-1998, while the lead CV was 
not exceeded based on ADEQ data from 1993-1997. The PHA did not include an evaluation 
of other metals such as chromium, cadmium, or copper. Finally, the SO2 CV was exceeded 
on occasion. The PHA concluded that air quality in the Hayden and Winkelman area 
generally meets all federal and state air quality standards for criteria air pollutants, although 



1.0 INTRODUCTION AND SITE BACKGROUND 

1-6 ES022008005PHX 

some exceedances of arsenic and SO2 CVs were reported. Brief episodes of elevated SO2 in 
air may cause short-term respiratory symptoms for sensitive asthmatics a few times per 
month. Levels of SO2 in air are unlikely to cause respiratory symptoms in persons without 
pre-existing respiratory conditions. The report noted that conclusions drawn were based on 
data available at the time the document was released, and that conclusions could change if 
data indicate that exposure has increased or decreased based on further environmental 
investigation (ATSDR, 2002).  

RCRA Inspection – 2000. On September 20, 2000, EPA performed a Resource Conservation 
and Recovery Act (RCRA) inspection at the Site, which included the collection of 12 solid 
material samples from the concentrator and smelter areas for analysis of the 23 Target 
Analyte List (TAL) metals by the EPA Region IX laboratory. The sample locations and 
results for selected metals are presented on Figure 1-4. The laboratory data indicate the 
following (EPA, 2000): 

• Arsenic levels were well above the Residential Soil Remediation Levels (R-SRL) 
(10 milligrams per kilogram [mg/kg]) at all locations, and the highest concentrations 
were in the filter cake sample from the filter plant area (sample AS07, at 32,000 mg/kg), 
CP-1 solids sample (sample AS06, 3,700 mg/kg), and the berm sample collected adjacent 
to storage bins along the road near the filter plant (sample AS10, 2,400 mg/kg). 

• Copper levels were well above the former and current R-SRL (2,800 and 3,100 mg/kg) at 
all locations except the tailings impoundment (sample AS04), and the highest 
concentrations were in the filter cake sample from the filter plant area (sample AS07, 
350,000 mg/kg), and samples of concentrate (sample AS12, 320,000 mg/kg), Mission 
concentrate (sample AS05, 230,000 mg/kg) and Hayden concentrate (sample AS11, 
230,000 mg/kg). 

• Lead levels were above the R-SRL (400 mg/kg) in several samples, and the highest 
concentrations were in the same samples with the elevated arsenic levels. The highest 
lead levels were found in the filter cake sample from the filter plant area (sample AS07, 
32,000 mg/kg), the CP-1 solids sample (sample AS06, 7,200 mg/kg), and the berm 
sample collected adjacent to storage bins near the filter plant (sample AS10, 
6,600 mg/kg). 

• Cadmium levels were above the R-SRL (39 mg/kg) in several samples, and the highest 
concentrations were identical to the samples with the elevated arsenic and lead levels. 
The highest cadmium levels were found in the filer cake sample from the filter plant 
area (sample AS07, 5,200 mg/kg), the CP-1 solids sample (sample AS06, 340 mg/kg), 
and the berm sample collected adjacent to storage bins near the filter plant (sample 
AS10, 240 mg/kg). 

• Chromium levels were above the R-SRL (30 mg/kg) in three samples, which included 
the berm sample collected adjacent to storage bins near the filter plant (sample AS09, 
380 mg/kg), the CP-1 solids sample (sample AS06, 46 mg/kg), and the tailings 
impoundment sample (sample AS04, 34 mg/kg). 

• Some samples also had elevated concentrations of other metals above the R-SRL, 
including zinc, mercury, and vanadium.  
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Expanded Site Inspection – 2002. ADEQ, on behalf of EPA, performed an ESI, which 
primarily included soil sampling around Conveyor 9 and other nearby areas in Hayden 
(groundwater and surface water/sediment sampling were also conducted). Soils from 
residential areas were sampled due to the potential for the finer material on the conveyor 
belt that runs through town to be dispersed by wind into the residents’ yards. ADEQ 
collected surface soil samples from 23 private residences, and areas assessed included the 
private residences to the east of Conveyor 9; located on Smelter Road, Hillcrest Avenue, 
Sunnyslope Road, Ray Avenue, Velasco Avenue, and Garfield Avenue (ADEQ, 2003). The 
sample locations are shown on Figure 1-4.  

Of the 27 distinct locations sampled in Hayden, results of analyses revealed the following 
exceedances of the Arizona soil screening level R-SRLs in surficial soils: 

• Arsenic levels exceeded the R-SRL of 10 mg/kg at 26 locations (maximum of 
67.4 mg/kg). 

• Copper levels exceeded the former R-SRL of 2,800 mg/kg (note that the R-SRL was 
increased to 3,100 mg/kg in 2007) at 24 locations (maximum of 55,100 mg/kg). 

• Lead levels exceeded the R-SRL of 400 mg/kg at three locations (maximum of 
851 mg/kg). 

In addition, cadmium, mercury, and zinc levels in several samples were reported as 
elevated compared to the average background concentrations, but were not detected above 
their R-SRLs.  

The ESI concluded that the elevated concentrations of metals were the result of ASARCO 
operations. Arsenic, cadmium, copper, and mercury in surficial soil samples met the criteria 
of “observed contamination” (were detected in concentrations exceeding three times the 
average background soil concentration). Lead did not meet the criteria of “observed 
contamination” although three of 36 surface soil samples exceeded the R-SRL of 400 mg/kg. 
Contamination is potentially attributable to sources including dispersal of crushed ore from 
the conveyor belt, deposition of aerosols from smelting operations, sediment transported by 
surface water runoff from the concentrator operation, and deposition of tailings from wind 
events. Elevated concentrations at ASARCO operations were shown, in sediment analysis 
from containment pond CP-1, which collects stormwater, wastewater, and process waters 
from the smelter area, to contain elevated concentrations of arsenic, cadmium, chromium, 
copper, lead, mercury, and zinc.  

Removal Assessment – 2004. The EPA Emergency Response Section (ER) sampled soils in 
the Hayden, Kearney, and Winkelman areas to further evaluate impacts from Site 
operations as described in the ASARCO Hayden Removal Assessment; Final Report, December 
2004 (Ecology & Environment, Inc., 2004). The EPA Removal Assessment (RA) was focused 
on defining levels of metals contamination within residential, public, and commercial areas 
of the three towns. Kearney did not contain elevated levels of contamination. Hence, the 
following paragraphs focus on results of sampling in Hayden and Winkelman. 

Soil samples were collected at a total of 51 locations in Hayden (Figure 1-4) and 69 locations 
in Winkelman (Figure 1-5) from randomly selected locations within an established grid. 
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Background samples were collected at six locations along State Route 77 south of 
Winkelman. Surficial samples were collected to a depth of approximately two inches bgs. 

Of the 51 samples in the Hayden area, the total metals analyses revealed metals 
contamination above R-SRLs at 40 locations including the following: 

• Arsenic levels exceeded the R-SRL of 10 mg/kg at 40 locations (maximum of 91 mg/kg). 

• Copper levels exceeded the former R-SRL of 2,800 mg/kg at 29 locations (maximum of 
11,400 mg/kg). 

• Lead levels exceeded the R-SRL of 400 mg/kg at one location (463 mg/kg). 

In Hayden, sample locations revealing elevated copper and lead concentrations generally 
coincided with locations showing high arsenic concentrations, with the highest 
concentrations typically concentrated close to ASARCO facilities, including particularly the 
Conveyor 9 area, east of the Conveyor 9 area near Power House Wash, and to the north of 
Hayden adjacent to concentrator operations and the former Kennecott smelter area. 

Of the 69 samples from the Winkelman area, the total metals analyses revealed the 
following exceedances of R-SRLs: 

• Arsenic levels exceeded the R-SRL of 10 mg/kg at 16 locations (maximum of 
320 mg/kg). 

• Copper levels exceeded the former R-SRL of 2,800 mg/kg at seven locations (maximum 
of 19,000 mg/kg). 

• Lead levels exceeded the R-SRL of 400 mg/kg at three locations (maximum of 
485 mg/kg). 

In Winkelman, elevated arsenic levels were generally located along and south of State 
Route 177. In addition, antimony, beryllium, and thallium were also detected at 
concentrations above their R-SRLs in several samples, although antimony exceeded the 
R-SRL at only one location. Through data validation, the beryllium and thallium 
concentrations were determined to likely be biased high. 

An analyses of RA background samples revealed that concentrations of metals above their 
respective R-SRLs are not naturally occurring. 

The RA concluded that surficial soil contamination is present in Hayden and Winkelman. 
The study further concluded that the elevated concentrations of metals found throughout 
Hayden are likely the result of contamination dispersed from ASARCO operations. Elevated 
concentrations of metals in Winkelman are presumed to be the result of close proximity to 
ASARCO operations (exceedances in the northern portion of town), proximity to tailings 
disposal areas, and aerial dispersion from vehicles traveling along State Route 177, as well 
as rail transport facilities for copper ore. 

EPA Focused Sampling Event – 2004. In October 2004, in combination with the RA, soil 
samples were collected by EPA at five locations in Hayden and six locations in Winkelman, 
with the locations focused at the Hayden public pool and play area and the Winkelman 
school yards (Figures 1-4 and 1-5). A formal report of this investigation was not prepared; 
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however, the data were subject to all necessary quality assurance procedures. Therefore, the 
data are useful as a reference in planning future work.  

The total metals analyses revealed the following exceedances of R-SRLs in surficial soils for 
these 11 samples: 

• Arsenic levels exceeded the R-SRL of 10 mg/kg at five locations, including four locations 
in Hayden and one in Winkelman (maximum concentration of 66.8 mg/kg). 

• Copper levels exceeded the former R-SRL of 2,800 mg/kg at five locations in Hayden 
(maximum concentration of 16,900 mg/kg). 

• Lead levels exceeded the R-SRL of 400 mg/kg at one location in Hayden and one in 
Winkelman (maximum concentration of 485 mg/kg). 

• Samples from Hayden containing exceedances of R-SRLs were at locations in the vicinity 
of the public pool and play structures west of and adjacent to the concentrator facility. 
The sample from Winkelman that contained arsenic above the R-SRL was collected at a 
culvert near the high school indoor swimming pool. All other samples collected at the 
Winkelman school area contained arsenic levels below the R-SRL. 

The 2004 EPA school and playground sample results reveal that surficial soil contamination 
is present in areas where public activities are concentrated, particularly in Hayden. 

Air Quality Monitoring Data. Historically, both the ASARCO smelter and adjacent 
Kennecott smelter operations produced significant air emissions. At the ASARCO smelter, 
there were two primary stacks, including a 300-foot R&R stack (built in 1912) and a 250-foot 
converter stack (built in 1918). In 1920, the first air controls were installed to electrostatically 
remove dust from the discharge of the R&R stack. In the mid-1950s, measuring indicated 
that over 13,000 pounds of copper was discharged out of the two stacks on a daily basis. In 
1961, production had increased and additional roaster improvements were made and 
copper removal was improved to 99.7% efficiency, which translated to a reduction to 
approximately 3,000 pounds per day of copper discharged through the R&R stack. The 
Kennecott smelter discharged from a 600-foot stack since the time of construction in 1958, 
until cessation of operations there in 1982. Since the early 1970s, EPA, State of Arizona 
(State), and ASARCO have collected ambient air monitoring data for SO2 and particulate 
matter less than 10 microns in diameter (PM10) at various locations in the Hayden area. 
Selected PM10 samples have also been analyzed for chemical makeup of the particles. This 
section provides a brief summary of available air quality monitoring data.  

Toxic Release Inventory Data 

ASARCO submits annual reports on discharges of toxic chemicals to EPA under the federal 
Emergency Planning and Community Right-to-Know Act (EPCRA) program, to inform 
communities and citizens of chemical hazards in their areas. Through EPCRA, Congress 
mandated that information on toxic chemical releases to the environment be collected into a 
database called the Toxic Release Inventory (TRI). The ASARCO Hayden operation has been 
one of the top sources of TRI chemicals in the entire nation. ASARCO also submits annual 
emissions inventories of regulated air pollutants to ADEQ as a requirement of regulations 
adopted by the State and EPA under the Clean Air Act. Table 1-1 presents a summary of TRI 
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air emissions, from fugitive and point sources, for the past four years of available data 
(2003-2006). The following observations are made based on Table 1-1: 

1. The total air emissions were about 268 tons in 2003, 102 tons in 2004, 169 tons in 2005, 
and 192 tons in 2006. The decrease in 2004 is likely attributed to reduced production, 
which was then increased in 2005 with a further increase in 2006. 

2. Sulfuric acid emissions (related to SO2 emissions) represented between 60-70% of total 
emissions over the four-year period. 

3. For the period 2003 through 2006, the maximum emission amounts for metals were in 
order for copper, zinc, lead, and arsenic (however, barium emissions were greater than 
arsenic emissions in 2005 and 2006). 

4. A majority of sulfuric acid is emitted through point sources, while a majority of metals 
are emitted through fugitive sources (with some consistent exceptions for some metals, 
including mercury, barium, chromium, and zinc). 

Sulfur Dioxide Data 

In 1974, an extensive SO2 monitoring network was established with spatial and temporal 
coverage intended to comprehensively evaluate the ambient impact of smelter emissions. 
More than 20 stationary and mobile monitoring sites were established throughout the area, 
with as many as 12 monitors operating concurrently (see Appendix A of the RI Workplan). 
This ambient SO2 network was developed to identify maximum ambient impact areas using 
diffusion modeling, monitored wind direction, citizen observations, and ambient SO2 
monitoring. 

Installation of additional meteorological instrumentation at the network sites to measure 
wind speed and direction, air temperature, and humidity parameters, helped to further 
define airflow and pollutant transport in the region. Use of mobile monitors allowed 
evaluation and verification of ambient SO2 concentrations over a greater area. Numerous 
sites were monitored and subsequently relocated under the direction of State meteorologists 
when no significant impacts were observed. All monitoring for SO2 was reportedly 
performed with guidance and dispersion modeling analysis from ADEQ. 

Following ASARCO’s compliance with SO2 emissions limits and based on continuous 
control technology, the number of permanent monitors was gradually reduced to the 
current network of six. The monitors were removed or relocated only if no ambient SO2 
violations were recorded, no SO2 curtailment was needed due to data recorded at that 
monitor, or if the new site was shown to be more representative of the ambient air quality of 
the area. This iterative process of location of monitors has resulted in the current remaining 
six sites, which are all high impact monitoring sites found to be representative of air quality 
of the area. These monitoring sites decisions were made jointly by ADEQ and ASARCO in 
accordance with EPA guidance. Table A-8 of the RI Workplan summarizes SO2 monitoring 
data for a five-year period (1999-2003) for each of the six currently operating monitoring 
stations (Air Quality Annual Report, ADEQ, 2000, 2001, 2002, 2003, and 2004). The NAAQS 
for SO2 are 80 μg/m3, 365 μg/m3, and 1,300 μg/m3 on an annual, 24-hour, and 3-hour 
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average basis, respectively. There have been no violations of the NAAQS for SO2 in the 
Hayden area since 1995.  

Particulate Matter Data 

Particulate matter (PM) is regulated by two separate Title V Permits for the Hayden 
concentrator and Hayden smelter facilities. The primary PM emission points/sources at the 
Hayden concentrator consist of the track hopper (Wet Scrubber Stack # 3 and #7) , 
secondary crushing circuit (Wet Scrubber #4 Stack), tertiary crushing circuit (Wet Scrubber 
Stack #1, #2, #5, #6, and Fine Ore Scrubber Stacks), and miscellaneous areas (lime silo 
baghouse, Tailings Impoundments AB/BC and D, unpaved roads, and open areas). The 
primary PM emission points/sources at the Hayden smelter consist of the main stack center 
(flash furnace and converter primary hoods) main stack annulus (fluid bed dryers, flash 
furnace ventilation hoods, converter secondary vent gas hood emissions), revert crushing 
system, anode furnaces, acid plant, material storage, and fugitive emissions from the flash 
furnaces and converters. A portion of the PM emissions at the smelter facility occur through 
the center and annulus of the 1,000-foot stack. ADEQ has operated a PM10 sampler at the 
Hayden Jail monitoring site since February 1985, and has operated a Total Suspended 
Particulate (TSP) monitor at the same location for preceding years. The NAAQS for PM10 are 
50 μg/m3 and 150 μg/m3 on an annual arithmetic mean and 24-hour average basis, 
respectively, and some exceedances were noted. 

Metals Data 

ADEQ has collected PM samples at the Hayden Jail site using an Anderson Dichot sampler. 
The samples were analyzed by x-ray fluorescence (XRF) method at Desert Research Institute 
(DRI) laboratory in Reno, NV. The Dichot sampler was equipped with two filters to measure 
the fine and coarse fractions of particulate matter—particulate matter less than 2.5 microns 
in diameter (PM2.5) and PM10. The data were converted using 24-hour duration of sample 
and a standard 16.7 liter/minute flow rate to calculate concentrations of metals in 
ambient air. 

Table 1-2 shows a comparison of ambient air metals concentrations in the ADEQ PM10 
fraction samples with the EPA Region IX Preliminary Remediation Goals (PRGs) for 
ambient air. The table compares the annual average concentration over the period 
1999-2001. This time period was selected to follow completion of several ASARCO air 
emission control projects (including anode furnace steam injection in 1994, converter 
secondary hoods baghouse in 1996, and furnace wet gas handling with a venturi scrubber in 
1998), and to coincide with the last years for which ADEQ data were collected. The metals 
results from the ADEQ Hayden Jail site are compared with the PRG for each metal. The 
comparison shows that annual average concentrations during this three-year period 
exceeded the PRGs for arsenic, cadmium, and chromium. There is no PRG for copper or 
lead, although the quarterly NAAQS for lead of 1.5 μg/m3 was used for comparison and 
was not exceeded. The EPA has proposed to lower the lead NAAQS to within the range of 
0.10 to 0.30 μg/m3 (EPA, 2008b - Federal Register, May 20, 2008), and several Hayden Jail 
values over this period were within this range.  

Currently, ADEQ continues to monitor for SO2 and once every six days for PM10 at the 
Hayden Jail monitor. The PM10 filter samples are no longer submitted for analysis of metals. 
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1.2.5.1 

1.2.5 Regulatory Framework 
The ASARCO facilities have air, water, and solid waste permits, which regulate potential 
environmental contamination. Both EPA and ADEQ have been involved with this Site from 
a regulatory standpoint. The Site was identified as a potential hazardous waste site and 
entered into the Comprehensive Environmental Response, Compensation, and Liability 
Information System (CERCLIS) on December 1, 1979, and was given EPA ID 
No. AZD008397127.  

Facility Permits 
Air - ASARCO maintains two ADEQ Title V Air Quality Class I (Major Source) operating 
permits for its Hayden operations: one for the concentrator (Permit Number M070399P1-99) 
and one for the smelter (Permit Number 1000042). In 2007, ADEQ initiated review of the 
two permits for the purpose of renewal, and subsequently determined that the permits 
should be combined into a single Title V permit. The combined Title V permit will 
reportedly be available for EPA review and public comment in early 2008 (ADEQ, 2007). 
The existing permit regulates PM10 and SO2 and does not directly control levels of arsenic, 
lead, copper, and chromium released into the air. 

Water - ASARCO has filed two Aquifer Protection Permit (APP) Applications with ADEQ’s 
Water Permits Section. The first application for an APP was submitted to ADEQ in 1992. A 
second application was filed in 1995 due to deficiencies noted in the 1992 application. To 
date, the 1995 application is still under ADEQ review. According to the ADEQ Mining Unit 
Manager, the application is currently in the technical review process. Until the APP 
Application is approved, it is ADEQ’s understanding that ASARCO will continue to operate 
under the guidelines of the Notice of Disposal (NOD) (ADEQ, 2004). 

Waste - The Site is listed as a “Large Quantity Generator” in the Alternative RCRA 
Information for States (ARIS) database under EPA ID No. AZD008397127. ASARCO is 
required to report its waste volumes under the TRI program. 

1.2.5.2 Violations 
Air - ADEQ has performed numerous air inspections at the Site. As a result of these 
inspections, numerous Notice of Violations (NOV) have been issued. Many of the NOVs 
were issued to ASARCO for observed emissions from the smelter stack with opacities 
greater than 20%. An NOV was also issued in March 1991 for an observed release of dust 
from Tailings Impoundment AB/BC with opacity of 78% (ADEQ, 2003). In September 2005, 
ADEQ air quality inspectors discovered that loose tailing dust had collected throughout the 
mine’s tailing pond area and witnessed dust emissions from the ASARCO facility, a 
violation of ASARCO’s air quality permit. ADEQ issued an NOV to ASARCO in October 
2005, which required the company to keep the tailing pond area damp or encrusted to 
minimize dust emissions. Under the NOV, ASARCO has applied a dust suppressant 
designed to control future dust problems at the Site. In 2007, ASARCO paid a penalty of 
$77,500 to resolve the dust violations at the facility. 

Water - In 1985, a NOD for discharging wastewater was filed with ADHS, the predecessor 
of ADEQ. The NOD outlined all wastewater discharges from ASARCO’s Hayden 
operations. The NOD includes untreated domestic sewage, along with the tailings slurry 
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from the concentrator operations, which is discharged on top of the tailings impoundments. 
ASARCO was also discharging wastewater sludge from the treatment of the smelter 
scrubber blow-down to a lined impoundment (CP-1) south of the smelter.  

Twenty-seven (27) spill incidents have been documented at the Site from October 1990 to 
September 2002, according to the National Response Center database. The spilled materials 
included sulfuric acid, arsenic acid, arsenic compounds, cadmium compounds, and lead 
compounds. According to ADEQ’s Hazardous Materials Incident Logbook, no emergency 
response actions occurred (ADEQ, 2004).  

On April 30, 1991, ADEQ’s inspection of ASARCO’s Slag Tunnel Wastewater System 
identified treated domestic wastewater being discharged to an unlined impoundment. This 
impoundment was formerly known as Louie’s Lagoon, and is now lined and known as 
containment pond CP-1. Analytical data were not available during the inspection since the 
treatment plant was not required to perform any discharge monitoring. Because of excess 
rainfall that filled a lined surface impoundment, which received process wastewater and 
sludge, ASARCO transferred over 1,000,000 gallons of water from the lined surface 
impoundment to the unlined surface impoundment (Louie’s Lagoon) in December 1990 and 
January 1991. Analysis of the wastewater sludge from the lined containment pond CP-1, 
submitted with the NOD, indicated concentrations of arsenic, barium, cadmium, mercury, 
selenium, and fluorine above their respective standards. Analysis of the transferred water, 
provided by ASARCO, indicated concentrations of arsenic, cadmium, fluorine, copper, and 
zinc above their respective standards (ADEQ, 2003). 

On January 5, 2004, a NOV was issued to ASARCO for failure to submit an Arizona 
Pollution Discharge Elimination System (AZPDES) permit application for storm water 
discharges from tailings facilities along the Gila River. 

In February 2007, a pipeline that pumps mine tailings to one of the tailings impoundments 
ruptured and discharged approximately 16,000 pounds of mine tailings into the Gila River 
flood plain near the facility and approximately 2,000 pounds of tailings directly into the 
Gila River. ASARCO manually removed the tailings discharged into the Gila River flood 
plain; however, the tailings discharged into the river were carried downstream and could 
not be removed. In May 2007, ADEQ issued a NOV that requires ASARCO to take action to 
avoid another pipeline rupture, and to advise ADEQ within 90 days of the action taken.  

Waste - On November 1, 1994, an inspection was conducted at the Site by the Hazardous 
Waste Inspections and Compliance Unit of ADEQ. Based on the inspection, a violation for 
“Generator Waste Determination” was issued to ASARCO. On August 14, 2000, an 
inspection was conducted at the Site by EPA. Based on the inspection, a violation for 
“Pre-transport Requirements” was issued to ASARCO (ADEQ, 2003). 

1.2.5.3 Soil Removal Agreement 
Under an agreement between EPA and ASARCO signed in March 2008, ASARCO 
performed and paid for removal of contaminated soil at 15 privately-owned residential 
parcels in Hayden and Winkelman. As described in the EPA-issued Pollution Report, this 
cleanup work was conducted with oversight from EPA, and took place between late March 
and early June 2008 (EPA, 2008a). EPA reviewed the residential soil sample data from the RI 
(as presented in Section 4.1 of this report) and decided to promptly address those residential 
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1.2.5.4 

yards where the highest concentrations of arsenic, copper, and lead were found. Yards 
where soil contamination levels exceeded 200 mg/kg of arsenic, 2,000 mg/kg of lead, or 
20,000 mg/kg of copper were selected for cleanup. Based on these soil concentration levels, 
the following 14 properties in Hayden were selected by EPA and then cleaned up by 
ASARCO: 

15. 101-07-035AS 
16. 101-07-040 
17. 101-07-066 
18. 101-07-089Q 
19. 101-07-089S 
20. 101-07-089T 
21. 101-07-091 
22. 101-09-004 
23. 101-09-036 
24. 101-09-039 
25. 101-09-070 
26. 101-09-077 
27. 101-09-088 
28. 101-09-140 

In Winkelman, one residential yard (101-12-149) was selected by EPA and then cleaned up 
by ASARCO. 

The soil cleanup activities consisted of removing the top 1-2 feet of soil, replacing it with 
clean fill, re-grading the area, and adding a stabilizing sod cover. The interiors of some of 
the homes were also addressed.  

Administrative Settlement Agreement and Order on Consent 
On April 15, 2008, EPA, U.S. Department of Justice (DOJ), ADEQ and ASARCO signed a 
second agreement to perform additional investigation and cleanup work in the towns of 
Hayden and Winkelman. The agreement, referred to as an Administrative Settlement 
Agreement and Order on Consent (AOC), is a legal document that describes the 
investigation and cleanup responsibilities of ASARCO. Following a public comment period, 
the AOC was approved and became effective on May 27, 2008. Key features of the AOC 
include: 

• Additional Sampling of Residential Yards. All remaining yards of occupied residences in 
Hayden and portions of Winkelman that were not sampled during this Phase I RI will be 
sampled by ASARCO. 

• Additional Cleanup of Residential Yards. Yards will be cleaned up at all residences 
where soil concentration levels exceed 24.3 mg/kg for arsenic, 400 mg/kg for lead, and 
9,300 mg/kg for copper. 

• RI/FS and Cleanup of ASARCO Property. An RI/FS will be completed to identify 
releases of any hazardous materials, evaluate cleanup methods, and conduct cleanup on 
and in the vicinity of ASARCO-owned property. The RI/FS will include additional 
sampling of soils, air, groundwater, and surface water. Additional human 



1.0 INTRODUCTION AND SITE BACKGROUND 

ES022008005PHX 1-15 

health/ecological risk assessment and reporting will also be required as part of this 
process.  

• Funding of Technical Assistance Plan for the Community. A Technical Assistance Plan 
(TAP) will be funded by ASARCO and will provide independent technical expertise to 
help the community understand the cleanup documents and proposed cleanup actions. 
The environmental expert will review Site documents, explain them to the community, 
and help residents frame their issues and concerns back to EPA and ASARCO. 

• Establish Financial Assurance. In order to ensure the completion of work called for in 
the AOC, ASARCO is required to establish and maintain a Performance Guarantee, such 
as a trust fund, in the amount of $15,000,000.  

Activities called for in the AOC will be initiated within 30 days of the AOC’s effective date.  

1.2.6 Chemicals of Concern 
This section outlines the chemicals that may be of concern to human health and the 
environment based on existing chemical data collected at the Site, and based on expected 
chemicals from ongoing copper ore processing activities.  

Section 1.2.4 presents a summary of existing chemical data collected at the Site. In addition 
to copper, soil at the Site contains elevated levels of metals including arsenic, lead, 
cadmium, chromium, and mercury. Air emissions from the facility include stack (point 
source), fugitive (nonpoint source), and contain elevated levels of particulate emissions, 
arsenic, lead, copper, cadmium, and chromium. Onsite stormwater management and 
containment ponds and offsite tailings impoundments are also part of the operations. 
Sulfate impacts to groundwater have been documented at other mining properties. In 
summary, six metals (arsenic, copper, lead, cadmium, chromium, and mercury), as well as 
sulfate, SO2 and PM, were considered chemicals of concern (COCs) prior to the start of 
the RI.  

1.2.6.1 Chemicals of Potential Concern for Human Health Impacts 
For human health risk assessments, chemicals of potential concern (COPC) are chemicals 
that are potentially Site related and for which data are of sufficient quality for use in the 
quantitative risk assessment (Risk Assessment Guidance for Superfund, Human Health 
Evaluation Manual, U.S. EPA (EPA, 1989). From the extensive list of COPCs, a smaller list of 
COCs are then identified and retained for quantitative risk analysis after the COPCs have 
undergone preliminary screening. These two lists are found on Table 1-3. 

As described above, the currently known COPC for the Site includes metals that have been 
detected in soils, groundwater, and air samples, as well as SO2 and PM10. The full list of 
metal COPCs includes all the 14 metals in the TRI report, for reporting year 2003, submitted 
by ASARCO to EPA (EPA, 2005). Additionally, radionuclides have been added to the COPC 
list since they are often associated with mining and ore processing activities and may be of 
concern in the direct vicinity of the smelter facility. Uranium, thorium, and radium are 
radionuclides associated with soils, while gross alpha and beta radioactivity, as well as 
uranium, thorium, and radium can be found in groundwater. Because of industrial process 
operations at the concentrator and smelter facilities, volatile organic compounds (VOCs) 
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1.2.6.2 

and semivolatile organic compounds (SVOCs) are also considered COPC. A preliminary list 
of the COPC described in this section is included in Table 1-3. 

The Mine Safety and Health Administration (MSHA) normally provides oversight of 
potential occupational exposures and potential health risks to the ASARCO work force by 
Site releases, and therefore, these exposure scenarios are not considered as part of the RI or 
risk assessment process.  

Human health impacts by exposure to these COPC can occur through inhalation, incidental 
ingestion, and dermal contact with those chemicals.  

Chemicals of Potential Ecological Concern 
Chemicals of potential ecological concern (COPEC) are those chemicals present at the Site in 
concentrations that may exceed toxicity thresholds for plants and animals (ecological 
receptors). These chemicals are identified by the evaluation of known Site practices or 
analytical results. The ore processing operations at the Site have resulted in large 
accumulations of tailings, which have been deposited adjacent to the Gila River near the 
confluence with the San Pedro River. In 1993, flood waters washed approximately 
292,000 tons of the tailings into the Gila River, potentially impacting surface waters and 
sediment in the downstream areas (ADEQ, 2003). Air emissions from the smelting process 
have been deposited in surface soils and water in the terrestrial and aquatic areas around 
the plant.  

Existing data indicates that arsenic and copper, and to a lesser extent, cadmium, lead, 
mercury, and zinc are at levels of potential concern. Therefore, all of these analytes are 
considered COPEC in soil, sediment, and surface water. 

At low levels, most organisms are able to accumulate and regulate intake of metals that 
serve as nutrients (i.e., chromium, copper, selenium, and zinc). However, these metals 
generally become toxic at certain levels. The mechanisms of ecotoxicity and environmental 
fate and transport information for each of the COPEC are presented in Appendix A of the 
RI Work Plan. Physical and chemical characteristics of, as well as interactions between, the 
medium and the COPEC are also important in understanding the potential environmental 
impacts. For example, organic carbon in soil and sediment often binds to metals, especially 
under alkaline conditions, and reduces their bioavailability to potential ecological receptors, 
thus reducing exposure.  

1.3 Site Conceptual Model 
The Conceptual Site Model (CSM) is a visual method of showing sources of contamination, 
release mechanisms, exposure pathways, and potential receptors associated with a site. 
Typically, separate CSMs are developed for human and ecological impacts. These CSMs are 
presented in Figures 1-6 and 1-7 for human and ecological exposures, respectively. 

1.3.1 Site Conceptual Model—Human Health Impacts 
For potential human impacts (as depicted in Figure 1-6), releases from current and historic 
Hayden smelters and concentrator operations are the primary sources of impacts from the 
Site. Together, the smelters and concentrator are the source of solid waste releases to soil, 
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fugitive and stack emissions to air, and process wastewater releases. The primary release 
mechanisms are spills and releases from onsite operations, and fugitive and stack air 
emissions releases. The dispersion transport media would include soil, groundwater, 
surface water, and wind. Potential human exposure routes would include soil (sediment) 
and dust ingestion, dermal contact, inhalation of particulates and vapors (if any) both 
indoors and outdoors, tap water ingestion, and ingestion of garden vegetables and sport 
fish caught in the Gila River. Currently, potential applicable human receptors would be 
those of Hayden and Winkelman including, adult and child residents, school children in 
schoolyards, pools, and parks, trespassers on tailings piles and other industrial facilities, 
and anglers in the nearby Gila River and San Pedro River, as appropriate.  

For human receptors, the major environmental media associated with offsite exposures to 
Site-related releases are expected to be soil and air, which were the major focus in RI 
sampling for the Site. Groundwater, drinking water, and sediments were expected to be 
relatively minor sources of risks and hazards, and received a comparatively lower level of 
RI sampling. 

1.3.2 Site Conceptual Model—Ecological Impacts 
For potential ecological impacts (as depicted on Figure 1-7), the primary sources are similar 
to those described above; namely, current or historic activities of the smelter and 
concentrator. Primary release mechanisms include air emissions from the smelter stacks and 
other process locations, as well as solid wastes (tailings) and wastewater associated with the 
processing of the copper ore. Release mechanisms include aerial deposition of stack 
emissions, discharge/runoff from the tailings impoundments to the Gila River or to adjacent 
soils, wind erosion, leaching to groundwater, and surface discharge from groundwater. 
Complete exposure pathways from contaminated surface soil, sediment, surface water 
(including ponded water located on top of the tailings impoundments), biota, and possibly 
groundwater, to ecological receptors exist at the Site. 

Soil, sediment, and surface water are the primary environmental media for ecological 
exposures; therefore, the sampling strategy included samples of these media within areas of 
ecological habitat. Since shallow groundwater discharges directly to surface water, 
groundwater sampling was also a focus of the RI.
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SECTION 2 

Site Characteristics 

This section presents the overall Site characteristics, including demographics, topography, 
hydrology, meteorology, and ecological habitat. 

2.1 Demographics and Land Use 
Hayden has a population of approximately 840 residents (Arizona Department of 
Commerce (ADOC, 2006). ASARCO operations including the crusher, concentrator, smelter, 
and tailings impoundments surround the Hayden community on the northern, southern, 
and eastern edges of town. Residential areas are bounded on the west edge of town by the 
San Pedro Wash and are bisected by the Kennecott Wash. Public areas including a library, 
playground, and swimming pool area are located adjacent to and west of ASARCO’s 
concentrator facilities. Currently, based on a 2007 reconnaissance estimate conducted as part 
of this RI, there are a total of 383 structures in the town of Hayden. Of this total, 301 of the 
structures are occupied habitable homes, 52 are uninhabitable homes, and 30 are 
government or commercial structures.  

Winkelman has a population of approximately 435 people (ADOC, 2006). It is primarily a 
residential area, with a school complex for the towns of Hayden and Winkelman on the 
northern edge of town, commercial development along State Route 177, and a community 
park along the Gila River on the east edge of town. Winkelman has a total of 215 structures 
in the town of Winkelman, including 156 homes, of which 146 homes are habitable and 10 
are uninhabitable. There are also 59 government and commercial structures in Winkelman. 

Table 2-1 provides a summary of selected demographics information for Hayden and 
Winkelman. 

2.2 Site Topography and Drainage 
The study area is located near the western edge of the Mexican Highland portion of the 
Basin and Range physiographic province. This province is characterized by north-northwest 
trending mountain ranges separated by sediment-filled valleys derived from erosion of the 
adjacent ranges. Major fault systems typically parallel the length of the uplifted mountain 
blocks.  

Hayden is located on the southwestern flank of the Dripping Spring Mountains, near the 
confluence of the Gila and San Pedro Rivers. The Tortilla Mountains, which form the 
western border of the Gila River Valley, are located several miles to the west of Hayden. 
Relief is moderately gentle on the west side of the study area, transitioning to moderately 
steep slopes further west in the Tortilla Mountains. Elevation ranges from 3,947 feet above 
mean sea level (msl) at Horse Hills in the Tortilla Mountains to approximately 1,900 feet msl 
along the Gila River in the northwestern corner of the Site. The highest point in the area is 
Tornado Peak (located approximately three miles north of Hayden) at 4,484 feet msl. A 
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gently sloping alluvial surface slopes northeastward from the Tortilla Mountains to the Gila 
and San Pedro Rivers. The area east of the Gila and San Pedro Rivers is characterized by a 
dissected upland area that drains to the west. 

The Hayden concentrator and smelter are located in Hayden near the base of the Dripping 
Spring Mountains, adjacent to and elevated above the flood plain of the Gila River. 
Elevations at the Site range from approximately 2,000 feet near State Route 177, to 
approximately 2,300 feet near the process water tank located north of the former Kennecott 
smelter area (Figure 2-1). Both the ASARCO main concentrator area (concentrator, mill 
building, fine ore bins, and thickener tanks) and the smelter operations have elevations of 
approximately 2,160 feet, while the former Kennecott smelter area has an elevation of 
approximately 2,180 feet. The San Pedro neighborhood located on the western edge of 
Hayden ranges from 2,040 feet at the southern end to 2,140 feet at the northern end. The 
Kennecott Wash (and former tailings impoundment areas) located east of the San Pedro 
neighborhood range in elevation from 2,010 feet at the southern end to 2,120 feet at the 
northern edge. The central neighborhood in Hayden (bounded between the Kennecott Wash 
to the west, and Power House Wash to the east) ranges in elevation from 2,040 feet to 
2,100 feet.  

The drainage conditions in the Hayden operations area on the north side of the Gila River 
are complex (Figure 2-1). Review of topographic maps and historical aerial photographs of 
the Site (EPA, 2004a) indicate several drainages located north of the Site. Prior to industrial 
development in the area, these drainages would continue past the location of current 
ASARCO operations and link with prominent drainages in Hayden. These prominent 
drainages (San Pedro Wash, Kennecott Wash, and Power House Wash), and large portions 
of the town of Hayden are positioned down-gradient and at lower elevations relative to 
most Site operations. Hence, under historical flow conditions, residential areas and 
drainages south of the former Kennecott smelter and west to southwest of the concentrator 
(particularly in the central portion of Hayden) would have been subject to runoff in direct 
contact with the Site. 

Currently at the Site, there are buildings, storage areas, roads, and a complex system of 
man-made channels, pipes, surface impoundments, and dikes to control surface water flows 
in the area. ASARCO personnel indicate that all storm water runoff from the Hayden 
concentrator and part of the smelter operations area is currently captured by this system 
before it can enter the Gila River, with the exception of runoff from the downgradient/ 
downstream edge of the berm/dike around Tailings Impoundment AB/BC (ASARCO, 
January 2005). These areas are captured in the emergency overflow ponds (Figure 1-3). 
Runoff from portions of the smelter operations area is contained in impoundments below 
the operating slag piles, where it is infiltrated into the subsurface. Past discharges of flow in 
this area would have flowed directly into the Gila River.  

The town of Winkelman is located southeast of Hayden and is bounded to the north by the 
ASARCO active smelter operations and to the south and east by the Gila River. The 
Winkelman School Complex is located approximately 1,300 feet directly south from the slag 
dump and oxygen plant areas of the active ASARCO smelter. The topography of 
Winkelman is relatively flat, with a gradual decrease in elevation toward the Gila River 
flood plain. The southernmost part of Winkelman is located within the flood plain of the 
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Gila River. In 1926, one of the worst floods in local history was recorded; it destroyed most 
of the farm land and flooded lower Winkelman (also known as Winkelman Flats). There 
were other large flood events in 1983 and again in 1993. 

The prominent Tailings Impoundment AB/BC is bounded on the north by the Copper Basin 
Railway tracks and on the south by the Gila River flood plain. Tailings Impoundment 
AB/BC extends west to the confluence of Keystone Canyon Wash with the Gila River as 
outlined in the 1992 APP Application Phase I, ASARCO, Inc. – Ray Complex, Gila and Pinal 
Counties, AZ; SHB Earth & Environment, Inc. (SHB, 1992), and the eastern boundary is 
adjoined by the Hayden Golf Club (Figure 1-3). The town of Hayden is located near the 
northeastern edge of Tailings Impoundment AB/BC (residential neighborhoods are 
approximately 750 feet to the northeast), and Winkelman is located approximately 0.6 miles 
east of Tailings Impoundment AB/BC. 

The area south of the Gila River includes Tailings Impoundment D and the surrounding 
Tortilla Mountains. Hayden and Winkelman are located roughly 1.5 miles to the northeast 
of Tailings Impoundment D. 

2.3 Geology 
The geologic units exposed in the study area consist of a basement complex of older 
Precambrian through Paleozoic sedimentary rocks and minor igneous intrusives. Older 
Quaternary deposits such as alluvial fans and younger Quaternary alluvium are present 
along stream and river channels as outlined in the 1994 APP Application Phase III, ASARCO, 
Inc. – Ray Complex, Gila and Pinal Counties, AZ; SHB-AGRA Earth & Environment, Inc. (SHB, 
1994). At the Site and study area, the dominant feature is the alluvial basin formed by the 
Gila River and San Pedro River confluence, which generally trends in a southeast to 
northwest direction. On the Hayden side of this basin, adjacent to the Dripping Spring 
Mountains, are found Tertiary bedrock formations with locally variably amounts of 
Holocene alluvium/colluvium. 

The following geologic units were identified for the study area based on a map prepared by 
SHB (1992). Figure 2-2 depicts the geologic units in the study area. Detailed descriptions of 
these units are described below, listed from youngest to oldest. The geochemistry of these 
units is described in Section 4.1.1.  

1.  Fill Material (Fd). The fill material consists primarily of mine tailings, and includes 
Tailings Impoundments AB/BC and D, and older tailings deposits in lower Kennecott 
Wash and west of Power House Wash. 

2.  Quaternary Alluvium (Qal). The Quaternary alluvium consists of unconsolidated silt, 
sand and gravel along washes and river channels (Gila River, San Pedro River, 
San Pedro Wash, and Power House Wash).  

3.  Older Quaternary Deposits (Qo). The older Quaternary deposits are present along 
stream terraces and alluvial fans, including nearly all of the Winkelman residential area 
and other terrace areas (especially adjacent to the west side of Tailings Impoundment 
D). Small areas of Hayden are located on this unit. 
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4.  Tertiary Sediments (Ts). The Tertiary sediments consist primarily of tuffs and 
conglomerates; these are present in all of the Hayden residential areas located above the 
washes, and extending into the far northwestern portion of Winkelman. The active 
concentrator, smelter, and most of the former Kennecott smelter area are also located on 
this unit. 

5.  Cretaceous/Tertiary Intrusives and Volcanics (KTi). These intrusive and volcanic rock 
formations are located in the higher elevations north and east of Hayden, and adjacent 
to the reaches of the Gila River upstream of Winkelman.  

6.  Paleozoic Sediments (Ps). The Paleozoic sediments consist of limestone located primarily 
in a northeast to southwest trending band in the upland area north of Hayden, and 
adjacent to the Gila River upstream of Winkelman. 

2.4 Hydrology 
2.4.1 Ground Water Flow Conditions 
The Site is located within the Upper San Pedro groundwater basin. The major components 
of this system are the water bearing sands and gravels of the Gila River and San Pedro River 
flood plains that are recharged from groundwater flows within smaller tributary stream 
alluvium. Bedrock seepage may also contribute a small amount of inflow in certain areas. 
Water level measurements in wells located along the San Pedro and Gila Rivers indicate that 
the depth to groundwater is generally within tens of feet below the channel elevation 
(SHB, 1994).  

The locations of Site monitoring wells and production wells are shown on Figure 2-3. Based 
on groundwater elevation measurements in February and October 2006, groundwater 
elevation contour maps were prepared (Figures 2-4 and 2-5, respectively). These figures 
indicate that the regional groundwater flow direction within Hayden and Winkelman is in a 
southerly direction towards the Hayden wellfield and Gila River/San Pedro River 
confluence. The groundwater flow gradient is relatively high in the Hayden area (as 
indicated by more closely spaced contours), and the gradient is considerably lower in the 
Gila River flood plain (more widely spaced contours). The groundwater flow direction 
between the two tailings impoundments is generally in a northwesterly direction, consistent 
with the surface water flow direction of the Gila River. The tailings impoundments do not 
appear to be causing large mounding of the water table, but the relatively low gradient in 
the vicinity is likely the result of recharge from Gila River surface water losses and tailings 
impoundments drain down. 

Local groundwater systems at the Site can be largely divided into three systems: 

• Gila River/San Pedro River Alluvial Aquifer: This uppermost aquifer is composed of 
approximately the top 100 feet of alluvial sands and gravels (Qal geologic unit) within 
the Gila River flood plain. Existing monitoring wells H-1, H-2A, H-3, H-4, H-5, H-6, 
H-10, and H-11, most of the ARU series monitoring wells, S-4A, new monitoring well 
GW-03, and all Hayden and Winkelman production wells, are screened within this 
aquifer. As would be expected, fluctuations in water levels within this aquifer are 
largely controlled by fluctuations in the river stage. Yields from production wells 
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completed in this aquifer are generally large (200 to 1,200 gallons per minute [gpm]), 
and the aquifer comprises the area’s major water supply source. Both the Hayden and 
Winkelman wellfields are completed in this aquifer. The hydraulic conductivity for this 
aquifer, as obtained from APP field tests (SHB, 1994), is approximately 10-1 centimeters 
per second (cm/sec).  

• Bedrock Aquifer: Wells completed in bedrock are located in the Ts formation (also 
referred to as the Big Dome Formation, [SHB, 1992]). These bedrock aquifer wells 
include existing monitoring wells H-7, H-8, H-9, LC-1, and SM-2 (bottom portion of 
screened interval, or 70-91.5 feet bgs), and new monitoring wells GW-01(R), GW-02 
(bottom portion of screened interval, or 28-31 feet bgs), and GW-06. The hydraulic 
conductivity for this aquifer, as obtained from APP field tests (SHB, 1994), is 
considerably lower than the alluvial aquifer, at approximately 10-5 cm/sec. 

• Wash Alluvial Aquifers: These disconnected aquifers are associated with the older 
alluvium/colluvium (Qo unit) found within upper reaches of the local Site drainages. 
While several wells are located within the boundaries of the washes, only the upper 
screened intervals of existing monitoring well SM-2 (61.5-70 feet bgs) and new 
monitoring well GW-02 (11-28 feet bgs) are screened within the wash alluvial aquifer. 
Borings completed during prior Site studies indicate that these aquifers may be dry for 
most of the time, and flow only when there is significant precipitation or other recharge 
(i.e., ponds or storage basins). The limited field tests of hydraulic conductivity (SHB, 
1994) performed on wash alluvial aquifer wells yield an approximate value of 
10-4cm/sec.  

2.4.2 Water Supply 
2.4.2.1 Winkelman Water supply 
The Winkelman wellfield is located in the Winkelman Flats Public Park on the east side of 
State Route 77, and is operated by the Arizona Water Company (AWC), a private utility. 
The AWC provided the following details on the wellfield, which is contained within a 
fenced enclosure at the north-end of the park and as shown on Figure 1-3: 

• Well #3 is the northernmost well and is also known as GWF-618; 

• Well #4 is the southernmost well and has a discharge water quality characterized by 
high turbidity (dirt and rust), and AWC at the time was evaluating treatment 
alternatives such as a flush-out system; 

• Well #2 (westernmost well) is no longer in service; and 

• AWC services 192 connections in Winkelman, with several connections in Hayden. The 
wells are run daily and alternate in pumping operation. Water pumped from the 
wellfield is directed to a 100,000-gallon reservoir on the hillside located west of the 
wellfield. AWC also conducts quarterly sampling of the wells for metals, VOCs, and 
SVOCs, and conducts complimentary residential tap sampling for lead and copper.  
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2.4.2.2 Hayden Water Supply 
The Hayden wellfield is located in the Gila River flood plain, east of Tailings Impoundment 
AB/BC, and is operated by ASARCO. The following details are available on the Hayden 
wellfield (ASARCO, January 2005a) and shown on Figure 1-3: 

• Nineteen (19) production wells are located in the main wellfield, although not all wells 
are operational at all times; 

• Most of the production wells have taps for collection of water quality samples; 

• Two additional production wells are located at PZ Ranch about eight miles south of 
Hayden; 

• The smelter also uses two production wells at Robinson Ranch, located about two miles 
south of Hayden; 

• The main freshwater pump house is located south of State Route 177, collects water from 
the various production wells via manifolding, and pumps water to three end users; 

• Water for Hayden residential use is pumped to a large, rectangular, concrete-lined 
reservoir on the hillside near the active smelter (the exact number of connections is 
uncertain), while another tank provides storage for ASARCO plant use; and 

• Water for the Ray Mine operations is pumped using two large pumps from a station 
located near State Route 177. 

ASARCO provides water free of charge to the residents of Hayden. Wastewater from 
Hayden residents is mixed with the Site tailings water (100:1 dilution), and is directed to the 
tailings impoundments. However, the process of mixing wastewater with process water is 
under review by ADEQ, and Hayden plans to begin delivering wastewater to the 
Winkelman Wastewater Treatment Plant (WWTP). The WWTP will receive improvements, 
but the improvement plans and schedule have not been confirmed.  

2.4.3 Surface Water 
The Site is located in the vicinity of two main rivers, the Gila River and the San Pedro River. 
The Gila River flows southwestward from the San Carlos Reservoir (created by the Coolidge 
Dam, about 30 miles upstream, which was completed in 1928) through the Mescal 
Mountains and southern portion of the Dripping Spring Mountains, turns northwestward at 
Hayden, and flows through the valley between the Dripping Spring Mountains and the 
Tortilla Mountains. The San Pedro River flows northwestward from southeast Arizona and 
Mexico, and empties into the Gila River approximately one-half mile southeast of Hayden. 
This area is referred to as the Middle Gila Watershed as provided by the Arizona 
Department of Water Resources (ADWR, 2005). 

The area north and west of the Gila River is drained by a series of intermittent streams that 
are unnamed on U.S. Geological Survey (USGS) topographic quadrangle maps. The 
boundaries of the watershed, in which the north Hayden area is situated, were delineated 
using USGS 7-½ minute topographic quadrangle maps for Hayden and Winkelman 
(SHB, 1992). The watershed area of the Site was determined to be two and one-half 
square miles. 
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USGS stream flow records are available for gauges on the Gila River above and below 
Coolidge Dam and at Kelvin (about 10 miles downstream from the confluence of the Gila 
and San Pedro Rivers). Flows in this reach of the Gila River are largely controlled by dam 
releases. Due to the relative contribution of the Gila River flows between Tailings 
Impoundments AB/BC and D, the flow region of primary interest with respect to possible 
environmental impacts is downstream of the confluence with the San Pedro River. The three 
highest historical high flood crests for the area occurred in 1993, 1932, and 1997.  

Storm water in the smelter vicinity drains primarily to CP-1 (formerly known as Louie’s 
Lagoon and also known as “run-on and containment pond,” Figure 1-3). CP-1 is a detention 
pond, which collects runoff from storm drains, and blow-down (process water discharge) 
from the anode cooling tower, treated process effluent from various treatment plants, 
process machinery cooling water, and air conditioner and swamp cooler water. CP-1 was 
originally unlined. Excess water from Louie’s Lagoon was pumped to the three Terrace 
Ponds, the seven North Ponds, and Wimpy’s New Pond located further to the north. 
However, this practice was discontinued when CP-1 was constructed and the sediments 
from the upper ponds were removed (ASARCO, 2005b). All of these ponds receive storm 
runoff. A concrete lined sump is located at the southwest corner of CP-1.  

There are reclaim ponds east of Tailings Impoundment AB/BC, south of Hayden. These 
reclaim ponds receive decant water from tailings ponds located on top of the tailings 
impoundments (ADEQ, 2003), and this water is recycled in concentrator process operations. 

Unlined depressions that collect storm water are located downstream of the active ASARCO 
and former Kennecott smelter area slag piles. At the ASARCO slag pile, these include East 
Storm Water Collection Area No. 1 (which collected mainly storm water runoff), and East 
Storm Water Collection Area No. 2 (which collects overflow from No. 1 and is normally 
dry.) The unlined depression downstream (south) of the former Kennecott smelter area slag 
pile collects runoff from the slag pile, lime plant, and most of the former smelter area. 

In 1993, a breach in the southern portion of Tailings Impoundment AB/BC caused by a 
flood event released 292,000 tons of tailings into the Gila River. This event was observed 
directly, and samples were collected as far as 11 miles downstream of the tailings 
impoundments. Sediment samples collected following this discharge along the Gila River 
indicated that copper and zinc concentrations in the discharged sediment were elevated 
(ADEQ, 2003). 

2.5 Meteorology and Wind 
Based on general climatological information (ADOC, 2007), Hayden has an annual average 
precipitation of 13.9 inches and temperatures ranging from a low of 30ºF in winter to a high 
of 103ºF in summer. The annual average low temperature is 46ºF, and the annual average 
high temperature is 84ºF. Precipitation occurs primarily during two periods including 
winter (December to March) and summer/fall (July to October), with the most precipitation 
occurring in July and August. 

Wind patterns can be important in the evaluation of overall air quality. To evaluate wind 
patterns in the study area, wind roses were generated based on data provided by ASARCO 
for three air monitoring stations (Montgomery Ranch, Hayden Junction, and Globe 
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Highway) over the period January 1, 2000 through December 31, 2004. In addition, wind 
roses were generated based on data collected from the Hayden and Winkelman air 
monitoring stations during this RI over the period January 1 through December 31, 2007 
(Figure 2-6). Although the monitoring periods for the ASARCO and RI stations do not 
coincide, the wind roses should provide a general assessment of dominant wind patterns at 
these locations. The wind roses for the Montgomery Ranch and Hayden Junction stations, 
located west of Hayden, show a dominant east-west wind pattern which is likely controlled 
by the orientation of the Gila River valley in this area. The wind rose for the Globe Highway 
station, located north of Winkelman, shows dominant wind direction from the northeast 
and southwest, which is also likely controlled by the Gila River valley orientation in the 
area. The wind roses for the Hayden and Winkelman stations are more variable. The 
dominant wind directions observed at the Hayden station are from the west and southeast, 
while the dominant wind directions at the Winkelman station are from the northwest, 
northeast, and south.  

2.6 Ecological Assessment 
Descriptions of the terrestrial and aquatic systems in the study area are derived from the 
literature. For example, general information on the terrestrial habitat in the area was 
obtained from Biotic Communities: Southwestern United States and Northwestern Mexico 
(Brown, 1994). More Site-specific descriptions of both terrestrial and aquatic (primarily the 
associated riparian areas) habitats were obtained from ecological studies conducted along 
the Gila and San Pedro Rivers, ranging from southeast of Winkelman along the San Pedro 
River to northwest of Hayden past Kelvin along the Gila River. Prior information and data 
collected during the RI is summarized in the Screening-Level Ecological Risk Assessment for the 
ASARCO LLC Hayden Plant Site (SLERA), (CH2M HILL, 2008b), which is a companion 
document to this RI Report. A more detailed summary of the SLERA procedures and 
findings is presented in Section 5.2.  

2.6.1 Terrestrial Systems 
The Site is located in the northeastern corner of the Sonoran desert scrub biome. This biome 
represents a large arid region that encompasses most of the Baja California Peninsula, the 
western half of the State of Sonora, Mexico, and large areas in southeastern California and 
southwestern Arizona (Brown, 1994). The Sonoran Desert has a bimodal rainfall pattern 
(rains in winter and summer), which allows it to have a greater structural diversity 
(i.e., large cacti and succulent plants in most regions and trees, tall shrubs, and succulents 
along drainages) than any of the other North American deserts. Brown (1994) presents six 
subdivisions of this biome, and the Site is located in habitat characterized as Arizona 
Upland. About 90% of this subdivision is on slopes, broken ground, and multi-dissected 
sloping plains. It is the best watered and least desert-like desert scrub habitat in North 
America. 

Some large mammals include desert mule deer and javelina, whereas smaller mammals in 
the area consist of species such as the black-tailed jackrabbit, desert cottontail, Arizona 
pocket mouse, gray fox, and the endemic Harris antelope squirrel (Brown, 1994). Avian 
species include the Harris’ hawk, white-winged dove, Inca dove, elf owl, cactus wren, 
curve-billed thrasher, cactus woodpecker, and the Wied’s crested flycatcher (Brown, 1994).  
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Reptiles, especially lizards and snakes, are a common component of desert ecosystems. 
Within the Arizona Upland subdivision, there are many Sonoran and other desert reptiles, 
including the regal horned lizard, western whiptail, Gila monster, Arizona glossy snake, 
Arizona coral snake, tiger rattlesnake, and diamondback rattlesnake.  

2.6.2 Aquatic Systems 
The Site is located near the confluence of the Gila and San Pedro Rivers. The Gila River and 
its tributaries are major lotic waters (i.e., actively moving) in the area and provide vital 
riparian habitat for wildlife in southeastern Arizona (Environmental Contaminants in Sediment 
and Fish of Mineral Creek and the Middle Gila River, Arizona [Andrews and King, 1997]). The 
Banding and Population Genetics of Southwestern Willow Flycatchers in Arizona - 1997 Summary 
Report (Paxton, et al, 1997) describe both rivers as perennial (i.e., contain water year-round), 
though it has been known to be dry during low rain periods (ADEQ, 2003). The Gila River is 
considered a fishery with flow characteristics from 100 cubic feet per second (cfs) to 1,000 cfs 
(ADEQ, 2003). It should be noted that flow in the Gila River between Coolidge Dam and 
Ashurst-Hayden Diversion Dam is attributed to releases from the San Carlos Reservoir and 
to natural flow in the river (ADWR, 2005). 

The San Pedro River is of the calcium-biocarbonate type with an annual average 
concentration of total dissolved solids (TDS) of 676 milligrams per liter (mg/L) near 
Winkelman. Exceedances of water quality standards for turbidity, metals, bacteria, TDS, and 
nutrients have been reported along the Gila River (ADWR, 2005). 

The riparian area near the confluence of the San Pedro and Gila Rivers consists of mixed 
exotic and native vegetation. Riparian areas along the confluence of these rivers have been 
described as varying from monotypic tamarisk (also known as saltcedar) to stands of native 
Gooding’s willow and Fremont cottonwood,” with average canopy heights between 4 to 
15 meters, as described in Southwestern Willow Flycatcher 2003 Survey and Nest Monitoring 
Reports (Smith, et al, 2004). These riparian areas are surrounded by the Arizona Upland 
subdivision vegetation as described above, though agricultural fields border the riparian 
habitat along some portions of the San Pedro River (Andrews and King, 1997).  

There are several special status fish species in the Middle Gila River, including the Gila 
topminnow. Avian species supported by the riparian habitat along the Gila River include 
the federally endangered southwestern willow flycatcher (Empidonax traillii extimus), as well 
as other riparian species such as the yellow-billed cuckoo, common snipe, belted kingfisher, 
and various warblers. The southwestern willow flycatcher and bald eagles (Haliaeetus 
leucocephalus) have been documented in the Site vicinity (ADEQ, 2003). A list of special 
status species (including plants, invertebrates, fish, amphibians, reptiles, birds, and 
mammals), which have been documented in the project area, was provided by the Arizona 
Game and Fish Department (AGFD, 2006) and is presented in Table 2-2. 

A more detailed description of terrestrial and aquatic communities within the Middle Gila 
watershed is provided in the SLERA.





ES022008005PHX 3-1 

SECTION 3 

Remedial Investigation Procedures 

3.1 Technical Approach and Overview 
This section presents an overview of the RI approach and field procedures. The field 
investigations for data needs and uses described in this report were conducted from 
November 2005 through November 2007. Media sampled in this investigation included 
non-residential surface soil, residential surface soil, ambient air, indoor dust (attic and living 
space), groundwater, surface water, in-stream sediment, and stable and unstable riparian 
sediment. Detailed field procedures are presented in Appendix A, and the RI results are 
presented in Section 4. 

3.2 Remedial Investigation Field Tasks 
This section presents a brief overview of the field task procedures. Detailed field procedures 
are included in Appendix A. 

3.2.1 Task 1—Site Reconnaissance  
On September 8 and 29, 2005, CH2M HILL representatives visited the Site to confirm access 
and sample locations, and generally prepare for RI activities. Minor sample location changes 
were made prior to completion of the RI Workplan in September 2005.  

3.2.2 Task 2—Mobilization and Demobilization 
Mobilization consisted of coordination and consultation with the CH2M HILL field team to 
execute the RI sampling activities at the Site. The field activities were conducted 
concurrently to the extent possible, but separate mobilizations were required for some 
activities. Field personnel either traveled between Phoenix and Hayden, Arizona (for short 
duration field activity), or were based in Kearny, Arizona (for extended field activities). 
Field personnel confirmed final sample locations, and requested utility clearance through 
ASARCO personnel as needed for onsite work within restricted areas.  

3.2.3 Task 3—Field Investigation 
The field investigation consisted of the following tasks: 

• Task 3a – Prepare Site-Specific Plans 
• Task 3b – Surface Soil Sampling 
• Task 3c – Surface Water and Sediment Sampling 
• Task 3d – Groundwater Investigation and Sampling 
• Task 3e – Air Investigation and Dust Sampling 
• Task 3f – Ecological Investigation 
• Task 3g – Geotechnical Evaluation of Tailings Impoundments 

Task 3h – Surveying and Mapping • 
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3.2.3.1 Task 3a—Prepare Site-Specific Plans 
Purpose. T plans was to provide guidelines for 
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Plan for the ASARCO LLC Hayden Plant Site, November 2005 (HASP). 
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task. The detailed field procedures are presented in Appendix A, and results are in 
Section 4. 

he purpose of preparing Site-specific 
implementation of the RI. All Site-specific plans were reviewed and approved by EP
Activities Performed. The following list presents the document title and date of completion. 
Final Workplan - Remedial Investigation at the ASARCO LLC Hayden Plant Site, September 2005
(RI Workplan).  

Health and Safety 

Final Quality Assurance Project Plan, ASARCO LLC Hayden Plant Site, November 2005 (QA

Human Health Risk Assessment Plan for the ASARCO LLC Hayden Plant Site, May 2006 
(HHRAP). 

During imp
capture changes in field procedures: 

• RI Technical Workplan Addendum #
Groundwater Investigation, February 2, 2006. This document provides a change in
for the soil sampling and groundwater investigation tasks. 

RI Workplan Addendum # 2 - Task 3e - Air Investigations and D
This document provides a change in scope for the air investigations and dust sampling 
activities. 

RI Workpla
document describes the submittal of additional soil samples under the Contract 
Laboratory Program (CLP) as part of the supplemental analytical event. 

RI Workplan Addendum #4, Comprehensive Soil Sample Analysis, Task 3b - Su
Sampling, August 7, 2007. This document describes the submittal of additional soil 
samples under the CLP as part of the comprehensive analytical event 

3.2 Task 3b—Surface Soil Sampling 
he surface soil sampling task had

• Complement results of previous investigations and develop a 
contaminant levels, potential contaminant source(s), and contaminant migration 
patterns in soils over a broader area; and 

Collect sufficient data to support risk asse

Activities Performed. This task consisted of a non-residential soil sampling event, a 
residential soil sampling event, and a gamma ray survey.  
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Non-Residential Soil Sampling Activities. The non-residential soil sampling activities 
consisted of two events (Phase I and Phase II). 

The Phase I event was conducted from November 15, 2005 through November 18, 2005, and 
included collection of 17 samples within San Pedro Wash, and 15 samples within Power 
House Wash. All samples were analyzed using a field portable x-ray fluorescence (FPXRF) 
instrument, and were also submitted for laboratory (CLP) analysis of TAL metals (which 
includes 23 metals as further described in Section 4.1).  

The Phase II event was conducted from February 20, 2006, through March 10, 2006, and 
included collection of samples at 238 locations within Hayden, Winkelman, and ASARCO 
property. All samples were analyzed for metals using an FPXRF instrument, and selected 
samples were submitted for laboratory analysis of TAL metals. Later, as described in the 
next subsection, all non-residential soil samples not initially analyzed by the laboratory (and 
retained in secure storage) were submitted for laboratory analysis of arsenic, copper, and 
lead. 

The Phase I and II non-residential soil sample locations were selected within and outside the 
town limits of Hayden and Winkelman based on the potential human risk of exposure to 
metals by a variety of routes. The following sample locations were included as part of the 
larger Phase II investigation: 

1. ASARCO Property - A total of 77 locations on and near ASARCO property were 
sampled, including the crusher facility (7), Kennecott Avenue Wash (10), former 
Kennecott smelter (15), perimeter of the concentrator (27), perimeter of the smelter 
(1), the slag dump (1), south of the slag dump (4), and at the two tailings 
impoundments (12). 

2. Winkelman School Complex (including staff housing on school property) - A total of 38 
locations were sampled around the school buildings, athletic fields, and playgrounds. 
An additional 26 sample locations were collected around the three residential school-
owned properties on Lobo Lane, adjacent to and west of the school complex. 

3. Hayden Public Areas and Golf Club - A total of 10 locations were sampled in the public 
areas around the Hayden Library and adjacent park. Also, a total of 33 sample locations 
were sampled at and near the Hayden Public Golf Club and from the adjacent access 
road east of Tailings Impoundment AB/BC. 

4. Upland and Surrounding Areas - Samples were collected from 13 locations (total of 
26 samples, which included a surface and subsurface sample at each location) in upland 
areas, to help evaluate soil quality in surrounding and background areas. Samples were 
also collected from two locations (total of four samples, which included a surface and 
subsurface sample at each location) along State Route 77 northeast of Winkelman.  

Residential Soil Sampling Activities. The residential soil sampling activities were conducted 
in one event (Phase II) and included the collection of soil samples from 130 habitable homes 
within Hayden and Winkelman. This total consisted of 99 homes in Hayden and 31 homes 
in Winkelman. In total, 1,447 individual residential soil samples (including QC samples) 
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were collected during the RI. The residential soil sampling activities were conducted 
between January 30, 2006, and February 17, 2006.  

Sample locations were selected within the town limits of Hayden and Winkelman based on 
the potential human risk of exposure to metals. During the planning process, Hayden and 
Winkelman were divided into 26 separate zones. These zones were then separated into two 
categories, termed Category 1 and Category 2. Category 1 includes areas in closer proximity 
to facility operations, which have a greater potential to be affected by aerial deposition, 
surface water runoff, or waste disposal activities, while Category 2 includes areas more 
distant from facility operations, which are likely to be affected primarily by aerial 
deposition. At least 30% of all residential lots in zones from Category 1 were sampled, while 
a lower sample frequency of at least 15% was employed for zones from Category 2 (see 
Figures 3-1 and 3-2 for zone locations and category designations).  

Prior to sampling, a signed access agreement was obtained from the property owner or 
tenant at each residence. Ten surface samples were collected on each residential lot, which 
consisted of nine surface soil samples (0-2 inches bgs) and one subsurface sample 
(10-12 inches bgs).  

All soil samples were analyzed for metals using a FPXRF instrument, and approximately 
10% of samples were submitted for laboratory analysis of TAL metals. Following receipt of 
the laboratory data, a comparison of FPXRF and laboratory results was conducted. The 
evaluation indicated there was relatively good correlation for some metals, but poor 
correlation for others. The reasons for the poor correlation can be attributed primarily to 
heterogeneity in the soil matrix itself, and heterogeneity related to different portions of the 
samples being analyzed by the FPXRF instrument and the laboratory. Also, the FPXRF 
arsenic results were likely adversely affected by lead interferences resulting from 
unexpectedly high lead concentrations. As a result, it was decided to submit all samples that 
were initially analyzed by FPXRF only (and retained in secure storage) for laboratory 
analysis of arsenic, copper, and lead. 

The stored soil samples were submitted for laboratory analysis in two groups. The first 
group (identified as the “supplemental” analytical event) included those residential soil 
samples with the highest arsenic concentrations, based on FPXRF results, and consisted of 
499 samples (490 samples from Hayden and nine samples from Winkelman). Following 
evaluation of the supplemental data, it was decided to submit the second group (identified 
as the “comprehensive” analytical event), which consisted of all remaining residential soil 
samples, as well as all non-residential soil samples not analyzed initially.  

The comprehensive analytical event consisted of 793 residential soil samples and 186 non-
residential soil samples. In addition, 37 samples were submitted for re-analysis to evaluate 
holding times.  

The laboratory results for the non-residential and residential soil samples were used to 
evaluate background soil concentrations and Site-related impacts, and are summarized in 
Section 4.1. The FPXRF data are considered screening-level data only and are presented in 
Appendix B.  
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Gamma Ray Survey. The gamma ray survey was completed to characterize gamma 
emissions from soils in and around the ASARCO property and the towns of Hayden and 
Winkelman. Copper deposits similar to the ones that have fed the Hayden smelters have 
been known to have elevated radioactivity. Gamma rays are a type of radioactivity. The 
results of the survey were used for locating areas where gamma radiation may exist at levels 
higher than background. 

A gamma ray survey was conducted at the Site on January 23, 2006. The selected areas 
surveyed were Power House Wash, Kennecott Avenue Wash, State Route 77 in the vicinity 
of Hayden and Winkelman, portions of the Copper Basin Railway, the storm water 
impoundments, and the Gila River flood plain downgradient of the slag pile. These areas 
were selected because of their proximity to areas assigned for sediment and soil sampling. 

The survey was completed by walking in serpentine patterns across or along the target 
areas, while holding the scintillator (detector) approximately 0.5 to 3 inches above the 
ground, and while carrying the portable ratemeter in the other hand so the meter could be 
easily read. For survey locations along State Route 77, within Winkelman, and along the 
Copper Basin Railway, the field personnel remained in the field vehicle, while holding the 
scintillator out of the passenger side window approximately one to three inches above the 
ground. The driver kept the truck speed as low as possible along the shoulder of the road 
and railway access roads. 

Background gamma emission rates were determined at the beginning of the day by 
surveying areas outside of process operations. Background emission rates were determined 
to be up to 1,000 counts per minute (cpm). The average emission rates for all surveyed areas 
ranged between 500-800 cpm, and the maximum gamma ray count was approximately 
2,000 cpm. However, field personnel were unable to find a source that could duplicate or 
continuously produce the maximum value.  

The gamma survey results showed that there were no locations considered to have gamma 
emissions greater than background levels within the areas traversed. Therefore, this survey 
is not described further in this report.  

Task 3c—Surface Water and Sediment Sampling 
Purpose. This task had two key purposes: 

• Complement results of previous investigations and develop a better understanding of 
contaminant levels, potential contaminant source(s), and contaminant migration 
patterns over a broader area; and 

• Collect sufficient data to support remedial actions, if necessary, and to support a SLERA. 

Activities Performed. The combined surface water and in-stream sediment sampling 
activities were conducted on March 7 and 8, 2006 (Winter event) and on August 22 and 23, 
2006 (Summer event). Soil sampling from riparian communities was conducted adjacent to 
the Gila and San Pedro Rivers on April 27 and 28, 2006.  

The combined surface water and in-stream sediment sample locations were selected along 
the Gila and San Pedro Rivers based on the potential ecological and human risk due to 
exposure to Site-related contaminants by a variety of routes. During both the Winter and 
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3.2.3.4 

3.2.3.5 

Summer sampling events, surface water and in-stream sediment samples were collected 
from a total of 11 locations along the Gila River and two locations along the San Pedro 
River. 

The stable and unstable riparian sediment samples were collected in the nearest suitable 
habitat adjacent to the 11 Gila River locations and the two San Pedro River locations. In 
addition, five additional biased sample locations in the Gila River flood plain (between the 
confluence of the Gila and San Pedro Rivers and Last Chance Basin), were selected.  

The laboratory results for the surface water and sediment samples are summarized in 
Sections 4.2 and 4.3. 

Task 3d—Groundwater Investigation and Sampling 
Purpose. The purpose of the installation of new monitoring wells was to compliment the 
existing monitor well network, evaluate shallow groundwater quality impacts, and evaluate 
groundwater flow conditions within and around the Site. The purpose for the two 
groundwater sampling events was to evaluate the nature and extent of possible 
contamination within and around the Site during winter and summer periods. 

Activities Performed. Four monitoring wells (identified as GW-01, GW-02, GW-03, and 
GW-06) were installed between January 4, 2006, and January 12, 2006. A fifth monitoring 
well, GW-01(R), was installed during the week of August 7, 2006, to replace GW-01 (for 
which field parameter data collected following well installation suggested potentially faulty 
well construction).  

Two rounds of groundwater level measurements were taken on February 7, 2006, and 
October 19, 2006. Each measurement event included all new and existing monitor wells that 
could be accessed at the time. Two surface water elevations were also measured at locations 
on the Gila River during the October 19, 2006, event. Finally, 23 existing monitoring wells 
and the four newly installed monitoring wells, as well as selected drinking water supply 
wells, manifolds and taps in Hayden and Winkelman, were sampled in March 2006 (Winter 
sampling event) and August 2006 (Summer sampling event). 

The laboratory results for the groundwater samples, and an evaluation of groundwater flow 
conditions, are presented in Section 4.4. 

Task 3e—Air Investigation 
Purpose. The purpose of this task was to further characterize the concentrations of 
contaminants from the Site at discrete areas within Hayden and Winkelman. This was 
conducted by installing PM10 and meteorological stations in Hayden and Winkelman. A 
secondary purpose of this task was to evaluate metal concentrations in dust samples in 
selected residential homes. 

The air investigation involves collection of meteorological, PM10, and metals data from two 
air monitors installed as part of this study. The Hayden monitoring station was placed on 
the roof of the town of Hayden maintenance building. The Winkelman monitoring station 
was placed on the roof of the Winkelman High School gymnasium. Figure 3-3 displays the 
location of these two stations, and other existing air monitoring stations described in 
Section 1.2.4.  
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The new air monitoring stations were programmed to collect samples for a 24-hour period 
from midnight to midnight. One 24-hour sample is collected every sixth day in accordance 
with the RI Workplan. The Hayden monitoring operations have been ongoing since October 
2006, while the Winkelman monitoring operations have been ongoing since November 2006. 
An assessment of background air concentrations was also conducted.  

Two air monitoring performance audits were conducted at the Winkelman and Hayden 
locations. These audits were performed on May 17, 2007 and June 24, 2008. Performance 
audits were conducted on the following instruments: 

• Wind Speed (mph) - 3 meters 
• Wind Direction (degrees) - 3 meters 
• Ambient Temperature (degrees C) 
• Barometric Pressure (mm Hg) 
• Flow Rate (SLPM) 

It was determined during both audits that the data collected by both monitoring stations 
meet the EPA guidelines as outlined in the Meteorological and PM10 Monitoring Performance 
Audits at Winkelman, AZ and Hayden, AZ Air Quality Monitoring Stations on May 17, 2007 and 
June 24, 2008; (CH2M HILL 2007c and 2008a). There were three primary recommendations 
from the 2008 audit that should be implemented to ensure long-term data reliability. First, 
there is no current procedure for calibration/certification of the flow meter used to perform 
the bi-weekly checks. The auditor recommended that the flow meter used to perform these 
checks be calibrated and certified by the manufacturer on an annual basis. 

Second, the stability of the Winkelman High School station meteorological tower could be 
improved. The meteorological box is not securely attached to the tower, and should be 
stabilized. The stabilization of the tower and meteorological box should be addressed, if 
possible, in order to avoid any storm-related damage. Third, the wind speed sensor at this 
location passed all audit criteria, but the bearings should be replaced to avoid possible 
failure in the future. 

Task 3f—Indoor and Attic Dust Sampling  
The residential dust sampling task involved laboratory analyses of samples collected from 
18 sample locations in Hayden and four sample locations in Winkelman. The homes were 
selected based on concentrations of arsenic in soil detected during residential surficial soil 
sampling activities in January and February 2006. The sample locations were selected to 
generally include those homes where relatively low, medium, and high arsenic 
concentrations were found in soils. At each selected location, indoor dust samples (from 
occupied areas of the home) were collected, and attic dust samples were collected at those 
homes with accessible attics. 

The indoor dust sampling activities were conducted on February 23, 2006, and May 17 and 
18, 2006.  

The laboratory results for air and dust samples are presented in Section 4.5. 
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3.2.3.8 

3.2.3.9 

Task 3g—Conduct Ecological Investigation 
Purpose. The purpose of this task was to characterize the terrestrial and aquatic habitats in 
the project area, as well as in a reference area (i.e., an area with similar vegetation, geology, 
slope, etc., but that is not impacted by the Site). These characterizations included general 
habitat mapping and wildlife observations, in general accordance with EPA guidance for 
ecological assessments. These activities were conducted in support of the SLERA. 

Activities Performed. Prior to beginning the field study, a preliminary habitat map was 
created using existing remote sensing data (i.e., recent, high-resolution aerial photographs 
of the area, topographic maps, National Wetlands Inventory maps, and Natural Resources 
Conservation Service soil maps). A limited field survey was then conducted to 
verify/ground-truth assigned terrestrial and aquatic habitat types as determined by the 
initial maps, to identify habitats in the vicinity of soil, sediment, and water sampling areas, 
and to record characteristic vegetation and general wildlife utilization patterns within the 
project and reference areas (Figure 3-4). This field survey was conducted in April 2006. This 
time of year was selected as this is when vegetation and wildlife, especially flowering plants 
and resident birds, would be especially abundant in the habitat types present in the project 
area. 

The findings from the ecological investigation are presented in Section 4.6, and a brief 
summary of the SLERA findings is presented in Section 5.2. 

Task 3h—Geotechnical Evaluation 
Purpose. The purpose of this task was to perform a reconnaissance-level general assessment 
of the overall stability of Tailings Impoundment AB/BC and Tailings Impoundment D.  

Activities Performed. The assessment was based on existing information and Site 
observations. The assessment included a review of available existing information and 
published reports relative to the construction and operation of Tailings Impoundments 
AB/BC and D, Site reconnaissance of the impoundments by a geotechnical engineer, and 
the performance of general slope stability analyses of the impoundments.  

The geotechnical field reconnaissance of Tailings Impoundments AB/BC and D was 
conducted on May 1, 2007. No invasive soil sampling, testing, or field measurements were 
performed during this reconnaissance.  

The findings from the geotechnical evaluation are presented in Section 4.7. 

Task 3i—Surveying and Mapping 
To improve accuracy and efficiency and reduce RI surveying and mapping costs, hand-held 
GPS units were utilized to establish the locations of sampling points.  

A Trimble GeoXT hand-held GPS unit was utilized during the field effort. This high-end 
resource grade GPS mapping system was capable of collecting post processed differential 
GPS data with specified accuracy of 0.5-meter or sub-meter root means square. This unit 
also employed Everest Multipath Rejection Technology, which reduces the chances of 
positional errors due to multipath. For each sampling location, a minimum of six satellites 
were locked on the GeoXT to ensure accuracy. 
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Further details and outcomes from this task are presented in Section 4.8. 

Task 3j—Investigation Support Activities 
Purpose. The purpose of this task was to ensure the collection of high quality data during 
the RI, and maintain consistency in field procedures. 

Activities Performed. This task included all support-related activities, including sample 
handling, documentation, labeling and shipping, personnel and equipment 
decontamination, and management of investigation derived waste (IDW).  

3.3 Remedial Investigation Analytical Tasks 
The objective of the RI analytical tasks was to generate data of known quality appropriate to 
project needs in terms of end decisions. This objective was accomplished through the 
following cycle: 

• The Data Quality Objectives (DQOs) identified project data needs and decision rules. 
The DQOs were included as an appendix to the QAPP. 

• The QAPP defined the organization, functional activities, procedures, and policies that 
were implemented to obtain project-specific data of known and appropriate quality. 

• The FSP described the sample collection and handling procedures required to obtain 
samples that would meet the DQOs. 

• The laboratory analytical, QA/QC, and documentation procedures were included in the 
QAPP as an appendix. 

• Field and laboratory QA/QC were conducted through internal and external 
oversight/audits/reviews. 

• Data quality and usability review were conducted outside the laboratory as documented 
in the data validation reports presented in Appendix D. Table 3-1 lists the data that were 
validated by a third-party reviewer retained by EPA. 

• Qualification of the individual data points was completed by applying data validation 
report flags to the data in the project database. 

• Overall data quality assessment was conducted within the context of project objectives 
as described below. 

To guide the overall analytical program, the following three tasks were part of the RI 
Workplan: 

Task 4 – Sample Analysis 
Task 5 – Data Validation 
Task 6 – Data Evaluation 

The following sections present the analytical methodology, the data validation 
methodology, and the overall data evaluation and usability. The associated sample/analyte-
specific validation reports are presented in Appendix J. 
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3.3.1 Task 4—Sample Analysis 
The project analytes, associated methods, and laboratories were presented in the FSP and 
QAPP. For each analytical parameter and method, the standard EPA analytical method 
and/or the associated CLP laboratory Statements of Work (SOW) were followed. Summary 
tables for the CLP SOW requirements are located in the QAPP, and the standard EPA 
analytical methods were included in the QAPP as an appendix. These documents also 
identify the following method-specific QC requirements: 

• Method-specific QC procedure; 

• Level of effort (frequency of QC checks) for each QC procedure; 

• Quantitative acceptance limits for QC data; 

• Corrective action requirements for the laboratories for QC data outside the acceptance 
limits; and  

• Documentation. 

• These requirements as detailed for each analytical method in the QAPP and the CLP 
SOW were followed as the project analytical requirements by the assigned laboratory. 

The detection limit requirements in accordance with project needs and regulatory criteria 
also are listed in tables in the QAPP (Table A2.1 and Table A2.7). The analytical laboratories 
established method detection limits (MDLs) in accordance with Title 40, Part 136, 
Appendix B, of the Code of Federal Regulations (CFR) before start of the work to ensure that 
laboratory-specific limits complied with the specifications listed in the QAPP. 

For a small percentage of the samples, the analytical method differed from the method 
specified in the QAPP. In these cases, a standard EPA method equivalent to the standard 
EPA method specified in the QAPP was used. These variations were based on the laboratory 
available to perform the analyses. These variations are listed in Table 3-1. The methods used 
to replace the methods specified in the QAPP were standard EPA methods that met the 
project data quality objectives including detection limit requirements. 

3.3.2 Task 5—Data Validation 
Data Validation Methodology 

All data (100%) have been evaluated independent of the laboratory by project chemists. The 
samples analyzed by CLP laboratories are run through the EPA’s electronic data review and 
flagging program. The samples analyzed by the EPA Region IX laboratory are reviewed and 
flagged according to the EPA Region IX laboratory policy. Reports are generated for both of 
these reviews. Those sample delivery groups (SDGs) that received Tier 3 data validation 
from a third-party evaluator, retained by EPA, are listed in Table 3-2. 

Sample data have been reviewed for the QC specifications identified in the project QAPP 
and CLP SOW for each specific parameter and are flagged in accordance with the project 
QAPP and EPA functional validation guidelines, as referenced in the validation reports in 
Appendix D. 
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• Chain of Custody (CoC) forms and tracking records. 

Reporting 
Sample and parameter-specific data validation reports, presented in Appendix J, are based 
on review of the individual laboratory SDGs. The SDG-based reports are ordered by 
analytical groups. The cover of each report identifies individual samples included in 
the SDG. 

Each report has subsections that correspond to the internal QC check requirements for that 
specific method as identified in the project QAPP. If laboratory data are found to deviate 
from the specifications, the subsection provides quantitative details for the QC data 
deviation, and the associated affected samples and provides flags according to defined 
conventions.  

Field blank, trip blank, and matrix spike/matrix spike duplicate (MS/MSD) sample results 
have been listed in laboratory result data sheets, as well as the project database. 

The individual SDG reports provide a summary table at the end of each section where flags 
are applied, and the report is followed by flagged data sheets. The reports list all flags and 
their appropriate classifications, as well as the reason for the flags.  

Flagging Conventions, Data Validation Findings, and Overall Summaries 
EPA data validation functional guidelines and QAPP criteria were used to determine 
flagging conventions. 

Sample- and analyte-specific data validation findings and associated qualifying flags, per 
laboratory internal quality control data, are presented within each validation report. Data 
validation flags have been entered in the project database and on data tables contained in 
this report. Additionally the field QC data (field blanks, field duplicates, and MS/MSD) are 
provided to end-users for site-wide application, as the distribution of the field QC data 
correlates to Site information at-large rather than the individual samples in the 
associated SDG.  

Several air filter samples were rejected because of torn filters received at the laboratory. 
Also, the quantitation limits for some analytes were rejected due to QC outliers that did not 
meet the minimum requirements for acceptability. The analytes in the affected samples with 
a brief explanation of the basis for rejections are presented on Table 3-3. These results are 
considered unusable. A number of data were qualified, both quantitation limits and positive 
results, due to sporadic QC outliers. Where data are qualified, there is an increase in 
uncertainty in the numerical results, although the data remain usable to meet the project 
objectives. The overall project completeness objective of 90% usable results was met. 

Data Storage 
Backup information for the data evaluation and validation findings includes the following: 

• Laboratory hard copy packages, assembled by SDG, which includes all QC data. These 
packages are stored at the EPA Region IX offices, as well as at the laboratories. 

• A project-specific electronic database, maintained by CH2M HILL, which includes all 
sample concentration data with validation flags and a subset of laboratory QC data.  
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aintained by the laboratories. 

 Quality Control Data 
Data quali terms of precision, accuracy, 

 

racy 
Accuracy m nt data include laboratory control sample and matrix spike recovery 
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Overall Sum cision measurement data include laboratory and field duplicate data 

 

ential and non-residential soil samples were 
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comprehensive events were analyzed outside the 

l 

een the initial results and the 
subsequent supplemental and comprehensive results, an RPD comparison was 
implemented. The investigative and corresponding duplicate results from the initial set 

• Laboratory bench records and sample custody logs m

3.3.3 Task 6—Data Evaluation 
3.3.3.1 Data Quality Assessment and

ty objectives have been prescribed in the QAPP in 
tiveness, comparability, and completeness (PARCCrepresenta ) parameters. The following is 

a description of the assessment for each parameter. The PARCC objectives for the project are
listed in the QAPP. Associated data for the PARCC parameters are shown in the laboratory 
data packages. 

3.3.3.2 Accu
easureme

th organic data for bo and inorganic analytical parameters, as well as surrogate recovery 
data for organic parameters. The accuracy data have been provided to the project team (dat
users) for consideration during decision-making since these data need to be applied to the 
whole Site. Over 90% of data are within criteria, thus meeting project goals. 

3.3.3.3 Precision 
mary. Pre

expressed as relative percent difference (RPD). Validation reports were also used to detail 
any duplicates outside control limits, if there were any such samples. The duplicate data 
have been provided to the project team (data users) for consideration during decision-
making since these data need to be applied to the whole Site. Over 90% of data are within
these criteria, thus meeting project goals.  

Soil Sample Holding Time Evaluation. Resid
submitted for laboratory analysis of arsenic, copper, and lead in three events identified a
initial, supplemental, and comprehensive. The supplemental and comprehensive events 
were composed of split samples selected from the initial soil sampling event, which were 
pulled from storage and submitted for analysis. The initial sampling event occurred in 
February 2006. Subsequently, the split samples composed of the supplemental and 
comprehensive sampling events were submitted to the laboratory in November 2006 an
August/September 2007, respectively. 

The samples from the supplemental and 
method holding time of 180 days from the date of initial sample collection. Samples 
analyzed outside the method holding times may be estimated based on the specific chemica
under consideration and potential routes of analyte losses such as chemical, physical, or 
biological degradation or volatilization. However, in the case of the heavy metals arsenic, 
copper, and lead, there appears to be no process that would lead to analyte losses during the 
storage implemented of the split samples. Hence, there is no expected adverse impact on 
measured concentrations based on long period storage on these metals (Schumacher, 2005), 
and no apparent need to consider the results estimated. 

To investigate any possible bias that may be present betw
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were compared to establish representative, achievable precision for these data using the 
field duplicate RPD as a benchmark. There were 18 field duplicate pairs include
initial data set. The RPD between these 18 sets of field duplicates ranged from 0 – 22% fo
three metals, with the exception of HSS-H-0-101-09-010, which had a RPD of 71% (Table 3
4). Overall, 17 out of 18 (94%) field duplicate samples fell below the 50% RPD criterion. 

To evaluate any holding time impacts, selected samples that were analyzed in the initial 
sample event were also submitted for laboratory analysis during the supplemental and 
comprehensive events. The RPDs between the initial results and the corresponding sam
results in the supplemental and comprehensive sets were calculated. Table 3-5 presents th
analytical results and the corresponding RPDs. Similar to the comparison of duplicate 
sample results for the initial data set, 142 out of 150 (95%) supplemental sample results 
(combined arsenic, copper and lead results) and 69 out of 78 (88%) comprehensive sample 
results (combined arsenic, copper and lead results) fell below the 50% RPD criterion. 

The RPD values based on the results from the supplemental and comprehensive data sets 
are greater than the results between the 17 investigative/duplicate pairs from the initial da
set. The greater RPD values are likely attributed to the following factors: 1) use of diffe
laboratories for the initial event (Liberty Analytical) compared to the supplemental and 
comprehensive events (Bonner Analytical Testing Company), which may introduce minor 
variability; 2) a more rigorous laboratory homogenization procedure was requested for the 
supplemental and comprehensive samples to address settlement of finer grained particle
during shipment, and therefore higher levels were expected because finer grained materials 
generally contain higher metals concentrations.  

It is also noteworthy that range and average RPDs for both the supplemental event (total 
maximum holding time 320 days) and comprehensive event (total maximum holding time 
601 days) are nearly identical, although the total h
This indicates that there appears to be no notable bias attributed to changes in metals 
concentrations during storage. 

Based on the evaluation of these samples results, these soil sample data are considered 
representative of the site conditions at the time of the sample collection and may be used for 
all purposes. 

3.3.3.4 Representativeness 
Representativ

istribution of 
tiveness is assessed in b

discusses the qualitative aspects of representativeness in terms of design of the FSP, 
sampling techniques, sample handling protocols, and associated documentation.
Quantitative measures of representativeness include field and laboratory blank 
measurements to identify if contamination was introduced through field or laborator
operations. Field duplicate measurements are used to establish variability. Labora
trip blank measurements have been detailed on a sample- and parameter-specifi
the validation reports. All qualifications as a result of laboratory and trip blank effects have
been incorporated into the project sample/analyte-specific data. Field blank results are 
summarized in the database and provided to data users on a Site-wide basis. 
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Field duplicate results and associated RPD data are also presented in the database and taken
into account in project decisions. 

3.3.3.5 Comparability 
Comparability expresses the confi

omparability of

• Standard analytical methods and QC procedures established in the project QAPP a
EPA CLP and EPA Region IX laboratory protocols; 

• Consistent reporting units for a specified procedure; and 

MDLs for all analytical parameters established in ac
Appendix B, before the start of the analyses to meet the pr

• Based on these comparability standards, the data meet the project objectives. 

3.6 Completeness 
Co pleteness is the measure of the amount of valid data obtained from the analy

. Field activ
esign. Data com

objectives.  

3.3.3.7 Overall Data Usability 
As shown in

t and exceeded 
 described in Section 3.3

Air Monitoring Station Audits. Two air monitoring audits were conducted on May 17, 2007, 
and June 24, 2008, at the Hayden and Winkelman air monitoring stations (see section 
3.2.3.5). It was concluded that the data collected from the Hayden an
are usable since they meet U.S. EPA guidelines. The 2008 audit suggested some 
improvements to operations that should be considered to ensure long-term data reliab

Reporting Limits. A comparison of reporting limits to the screening levels for analytes not 
detected in RI samples was conducted. The sample matrices evaluated included residential 
and nonresidential soil, surface water, sediment, groundwater, and air particulates. When 
an analyte is not detected and the reporting limit exceeds the applicable screening levels, 
some uncertainty regarding the presence of an exceedance exists. Since the analyte reporting 
limit is generally 2 to 5 times the MDL and positive results are reported to the MDL, the 
uncertainty is less in cases where the screening level falls within this margin. When the 
screening level is below the estimated MDL (range between 1/2 and 1/5 the reporting 
limit), a larger uncertainty regarding the presence of an exceedance exists. 

For all methods, the reporting limits are consistent with the project plan. Notably, many 
the ambient air and water screening levels, including EPA Region 9 Tap Water PRGs, ar
concentrations below what can be achieved using the best available analytical 
methodologies.  
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yte reporting limits that exceed screening levels are discussed below. 

 

 cyanide and 27 mercury (dissolved fraction) reporting limits 

d 
xachlorobenzene in 19 

llutants Ambient Air Criteria in the following number of samples: 

es 

e etals ranged from 0.009 to 0.0705 µg/m3 compared to the 
llutants Ambient Air Criteria which ranged from 0.00016 to 

No sediment reporting limits exceeded the applicable screening levels. For the remaining 
matrices, the anal

Residential Soil. Six arsenic reporting limits exceeded the EPA PRG but were below the 10 
mg/kg Arizona R-SRL.  

Nonresidential Soil. One thallium and two arsenic reporting limits exceeded the EPA PRGs.

Surface Water. Twenty-one
exceeded the Arizona Aquatic and Wildlife Water Quality Criteria.  

Groundwater. The reporting limits for aluminum exceeded the federal MCL in 21 unfiltere
water samples and in 29 filtered samples. The reporting limits for he
samples exceeded both the EPA PRGs and the federal MCLs. The minimum detectable 
Radium 226 activity in 61 samples and the Radium 228 activity in 65 samples exceeded the 
tap water PRGs. 

Air. Arsenic, cadmium, chromium, and cobalt reporting limits exceeded the Arizona 
Hazardous Air Po

• Arsenic in 30 samples 
• Cadmium in 122 samples 
• Chromium in 87 sampl
• Cobalt in 133 samples 

Th  reporting limits for these m
Arizona Hazardous Air Po
0.00045 µg/m3.  
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SECTION 4 

Remedial Investigation Results 

This section presents the RI results for each media that was studied. For each media, the 
background concentrations, nature and extent of impacts, and fate and transport of 
chemicals of concern (COC) are presented. 

4.1 Soil Sampling 
This section presents the results of the RI conducted for both nonresidential and residential 
soils at the Site. The primary sources of soil impacts and the COCs specific to soil impacts 
are identified. In addition, the background concentrations for soils that support the 
evaluation of the nature and extent of soil impacts at the Site are presented. Finally, 
individual COC characteristics, transport processes, and migration trends observed at the 
Site are discussed.  

4.1.1 Contaminant Sources  
The CSM presented in Figure 1-6 (and described in Section 1.3) identified the concentrator 
operations and the current and historic smelter operations as the primary sources of 
contamination. The fugitive and stack emissions, tailings impoundments, rail transport, and 
process wastewater were identified as the primary release mechanisms that may have 
affected soils on and near the Site. 

Other process operations and features, including smelter furnace and converter areas, 
machine shops, maintenance yards, and underground storage tanks, may be potential 
sources of various contaminants. Although a limited amount of onsite soil sampling was 
conducted, it was beyond the scope of the RI to extensively evaluate onsite operations. The 
focus of the RI was on collection of soil samples from nonresidential and residential areas to 
determine impacts to residential areas from current and historical copper processing 
activities. 

4.1.2 Chemicals of Concern  
Table 1-3 presents the COCs identified before the start of the RI, based on previous studies. 
For metals, six COCs (arsenic, copper, lead, cadmium, chromium, and mercury) were 
identified because their concentrations exceeded their respective R-SRLs or were elevated 
relative to mean background concentrations. 

To further confirm COCs based on the RI soils data, Table 4-1 was prepared to display the 
number of detections and exceedances of the Arizona R-SRL and/or the EPA PRG for each 
metal in residential and nonresidential soils. This table indicates that nearly 100% (1,817 
samples) of all soil samples with detected results exceeded the R-SRL (10 mg/kg) and/or 
PRG (0.39 mg/kg) for arsenic. Approximately 51% (929 samples) of all soil samples 
exceeded the R-SRL and PRG of 3,100 mg/kg for copper, and about 12% (219 samples) 
exceeded the R-SRL and PRG of 400 mg/kg for lead. Because of the large number of 
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exceedances in residential and nonresidential soil samples, arsenic, copper, and lead 
represent the primary COCs for the Site. 

As Table 4-1 indicates, very few exceedances of R-SRLs and PRGs were found for other 
metals. The TAL metals with exceedances found at the Site, in descending order by the 
number of exceedances, are as follows: 

• Iron (122 of 281 samples, or about 43%, exceeded the PRG of 23,000 mg/kg) 

• Molybdenum (9 of 127 samples, or about 7%, exceeded the R-SRL/PRG of 390 mg/kg) 

• Vanadium (9 of 281 samples, or about 3%, exceeded the R-SRL/PRG of 78 mg/kg) 

• Antimony (3 of 281 samples, or about 1%, exceeded the R-SRL/PRG of 31 mg/kg) 

• Cadmium (3 of 281 samples, or about 1%, exceeded the R-SRL or PRG of 39 and 
37 mg/kg, respectively) 

• Silver (1 of 281 samples, or about 0.4%, exceeded the R-SRL/PRG of 390 mg/kg) 

• Thallium (1 of 281 samples, or about 0.4%, exceeded the R-SRL/PRG of 5.2 mg/kg) 

The highest iron concentrations were found in samples collected on ASARCO property. 
There are also numerous iron exceedances in residential soil samples in Hayden, and in 
some nonresidential soil samples in the Hayden area (particularly San Pedro Wash and 
Power House Wash). However, there is only one iron exceedance in a residential soil sample 
from Winkelman, and nonresidential soil samples collected more distant from Hayden 
show lower concentrations.  

All samples with molybdenum exceedances are found in nonresidential soil samples 
collected on ASARCO property. Similarly, eight of the nine samples with vanadium 
exceedances were also from nonresidential soil samples collected on ASARCO property. All 
soil samples with molybdenum and vanadium exceedances also have iron exceedances. 

For cadmium, two soil samples with exceedances were on ASARCO property near the 
active slag dump area, while the third exceedance was an isolated occurrence at a Hayden 
residential property (101-09-070), from which the sample with the single silver exceedance 
was also collected. The single soil sample with a thallium exceedance was on ASARCO 
property at the former Kennecott smelter area.  

In summary, arsenic, copper, and lead represent the three primary COCs in soils for the Site, 
and are the focus of discussion in subsequent sections focusing on background 
concentrations, nature and extent, and fate and transport in soils. The presence of iron, 
molybdenum, and vanadium is also further described in subsequent sections. No further 
discussion of other metals is warranted.  

4.1.3 Background Concentrations 
This section presents the procedures and outcome of an assessment of soil background 
concentrations for arsenic, copper, and lead (the primary COCs for soil) within the study 
area. The purpose of this evaluation is to establish soil background concentrations for better 
assessment of potential environmental impacts from ASARCO operations on soils in the 
Hayden and Winkelman area. These background concentrations were developed based on 
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all appropriate background data available for the study area, including those from previous
investigations. In accordance with methods provided by EPA in Guidance for Comparing 
Background and Chemical Concentrations in Soil for CERCLA Sites (EPA, 2002), a detailed 
statistical comparison was performed on a combined Site-wide data set.  

Details of this background data evaluation are presented in the Evaluation
Metal Concentrations in Soil for the ASARCO LLC Hayden Plant Site technical memorandum
prepared by CH2M HILL on November 30, 2007 (CH2M HILL, 2007a), and is provided in 
Appendix C. As described in the technical memorandum, the background evaluation was 
conducted on a macro-scale using statewide data and a compilation of all Site background 
soils data, and on a more detailed level that considered the geologic setting of the towns of 
Hayden and Winkelman. The statewide data included 47 soil samples collected by the USGS
from the Colorado Plateau, Transition Zone, and Basin and Range physiographic provinces 
in Arizona as provided in the Evaluation of Background Metals Concentrations in Arizona Soils; 
Earth Technology Corporation; June 1991; (Earth Tech, 1991). For purposes of this study, 
only the 28 samples collected from the Transition Zone and Basin and Range provinces w
considered most appropriate for comparison with soil sample data from the Site 
(Figure 4-1).  

For the geolog
(Figure 2-2) indicates that the town of Hayden (including most portions of ASARCO 
operations) is situated in the Tertiary Sediment (Ts) geologic map unit, while the town
Winkelman is situated in the Older Quaternary Deposits (Qo) geologic map unit (see 
Section 2.3 for a detailed description of the Site geologic setting). Therefore, select 
background soil samples were identified and statistically evaluated from the Ts an
areas to develop background soil concentrations for Hayden and Winkelman, respectively
The background datasets for the Ts and Qo areas were comprised of 35 Ts samples and 6 Qo
samples. Figure 4-1 shows the location of these selected background samples, along with the 
extent of geologic mapping for the study area. Individual data sets were constructed for 
samples from the Ts and Qo geological units. Then, ProUCL v.4.0 software was used to 
identify any outliers and generate the summary statistics, including mean, standard 
deviation, minimum, maximum, and upper tolerance limit (UTL), for arsenic, copper
lead. The UTL parameter provides an accepted statistical method for determining a 
background value from a set of data (EPA, 2002). The UTL represents a value that 95
the population will fall below with 95% confidence.  

Table 4-2 presents a summary of the detailed backgro
findings are as follows: 

• The statewide mean
USGS soil samples from the Transition Zone and Basin and Range physiographic 
provinces, are 12.7 mg/kg, 34.4 mg/kg, and 30 mg/kg, respectively (Earth Tech, 1

For all study area data, when geologic units are not considered, the overall mean 
background concentrations for arsenic, copper, and lead (not taking into account 
geologic map units) are 7.2 mg/kg, 746 mg/kg, and 209 mg/kg, respectively 
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4.1.4.1 

• For Ts data (Hayden soils evaluation), the background mean and UTL values are 
6.3 mg/kg and 12.5 mg/kg for arsenic, 460.5 mg/kg and 1,270 mg/kg for copper, and 
28.3 mg/kg and 47.9 mg/kg for lead.  

• For Qo data (Winkelman soils evaluation), the background mean and UTL values are 
6.3 mg/kg and 9.1 mg/kg for arsenic, 501 mg/kg and 882 mg/kg for copper, and 
31.7 mg/kg and 45.8 mg/kg for lead.  

It is important to note that the arsenic, copper, and lead UTL values for the Ts and Qo 
datasets are in relatively close alignment, indicating a relatively small difference associated 
with the Ts and Qo geologic settings. Based on Earth Technology Corporation data (1991), 
the statewide averages for arsenic (12.7 mg/kg) and lead (30 mg/kg) are in relatively close 
alignment with these values; the statewide average concentration for copper (34.4 mg/kg) is 
considerably less than the Site-specific background values, but this is expected because of 
the Site’s setting in a copper mineralization region.  

In summary, the UTL values for the Hayden and Winkelman data sets, as presented in 
Table 4-2, are used as background soil concentrations for this study. 

4.1.4 Nature and Extent of Contaminant Distribution in Nonresidential Soils 
This section presents the RI results for the nonresidential soils at the Site, and evaluates the 
nature and the extent of arsenic and metals concentrations in these areas. The results 
discussion has been organized according to the different nonresidential areas investigated: 
ASARCO property, adjacent washes, and non-ASARCO public areas. Although the RI 
included results for all TAL metals, this section focuses on the primary COCs identified at 
the Site for soil (arsenic, copper, and lead), and secondarily on iron, molybdenum, and 
vanadium.  

Approach to Data Evaluation and Presentation 
Table 4-3 presents a summary of arsenic, lead, and copper concentrations for the various 
nonresidential sample areas. The table presents data for soil samples collected on ASARCO 
and non-ASARCO properties. In addition, Tables 4-4, 4-5, and 4-6 present all sampling 
results for arsenic, lead, and copper in nonresidential soils for the ASARCO concentrator 
and smelter area, tailings impoundments, and non-ASARCO public and upland areas, 
respectively. The results for all TAL metals that displayed any R-SRL exceedances in 
nonresidential soils are in Table 4-7. Finally, the complete nonresidential surface soil sample 
results (for all metals) are in Appendix D. These results indicate that arsenic, copper, and 
lead concentrations in nonresidential soils are markedly influenced by ASARCO operations. 
This is evidenced by the fact that soils at ASARCO facilities (particularly the perimeter of 
the concentrator and former Kennecott smelter areas) generally contain the highest 
concentrations, while nonresidential soils on non-ASARCO properties, including the 
Winkelman and upland areas, contain the lowest concentrations. The washes located near 
the ASARCO operations (especially Power House Wash [PHW]) also appear to be directly 
affected by ASARCO operations. The following sections present the nature and extent of 
impacts, presented per area where samples were collected, as follows: 

• ASARCO Concentrator and Historic Smelter Property – Perimeter of Concentrator 
(PCON), former Kennecott Smelter (KS), and Crusher (CF) 
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• ASARCO Smelter Property – Perimeter of Smelter (PSMT), slag dump (SD), and 
downgradient of slag dump (SDD) 

• ASARCO Tailings Impoundments Property – Tailings Impoundment AB/BC (TPA) and 
Tailings Impoundment D (TPD) 

• Hayden Washes – Power House Wash (PHW), Kennecott Avenue Wash (KAW), and San 
Pedro Wash (SPW) 

• Non-ASARCO Properties – Hayden Public Areas (HPUB), Hayden Golf Club (HGC), 
Winkelman School Complex (WSC), State Route 77 (SR77), and upland areas (UP and 
UPA). 

Figures depicting the concentrations of arsenic, copper, and lead in nonresidential soils were 
prepared to help assess the spatial variability of the data. The figures are color-coded to 
show the relative concentration of arsenic, copper and lead in the mapped area of interest. 
The color coding designations were selected to represent relative concentration ranges, as 
follows: 

Arsenic (Figures 4-2, 4-6 and 4-9) 

• Low range concentrations (blue): 1 - 10 mg/kg (concentrations in the range from detectable 
levels up to the Arizona R-SRL) 

• Low-mid-level concentration (green): 10.1 – 25.9 mg/kg (concentrations in the range 
between the R-SRL and the estimated child non-cancer HI of 1 value for arsenic, based 
on the parallel human health risk assessment [HHRA] efforts) 

• Mid-high level concentration (yellow): 26.0 – 47.9 mg/kg (concentrations in the range 
between the non-cancer HI of 1 and the adult plus child cancer risk of 1x10-4, based on 
the parallel HHRA efforts and a bioavailability factor [BAF] of 80%) 

• High-level concentration (red): greater than 48 mg/kg (concentrations above the adult plus 
child cancer risk of 1x10-4)  

Copper (Figures 4-3, 4-7 and 4-10)  

• Low range concentrations (blue): 1 – 3,100 mg/kg (concentrations in the range from 
detectable levels up to the R-SRL) 

• Low-mid-level concentration (green): 3,101 – 8,699 mg/kg (concentrations in the range 
between the R-SRL and a value about three times the R-SRL) 

• Mid-high level concentration (yellow): 8,700 – 17,100 mg/kg (concentrations in the range 
between about three and six times the R-SRL) 

• High-level concentration (red): >17,100 mg/kg (concentrations above about six times the 
R-SRL) 

Lead (Figures 4-4, 4-8 and 4-11) 

• Low range concentrations (purple): 1 - 212 mg/kg (concentrations in the range from 
detectable levels up to the screening value, excluding homegrown produce, using the 



4.0 REMEDIAL INVESTIGATION RESULTS 

4-6 ES022008005PHX 

4.1.4.2 

California Department of Toxic Substances Control’s [DTSC] Lead Risk Assessment 
Spreadsheet Version 7, LeadSpread 7 [CalEPA, 1999], based on the parallel HHRA 
efforts). This model calculates a screening level that represents a concentration of lead in 
soil for children that is protective for a combined exposure to lead in air, drinking water, 
food, and soil. The LeadSpread model uses a default bioavailability factor [BAF] of 44%). 

• Low-mid-level concentration (blue): 213 – 400 mg/kg (concentrations in the range between 
the LeadSpread screening level and the R-SRL of 400 mg/kg). 

• Mid-high level concentration (green): 401 – 1,199 mg/kg (concentrations in the range 
between the R-SRL and about three times the R-SRL). 

• High-level concentration (yellow): 1,200 – 2,400 mg/kg (concentrations in the range 
between about three times and six times the R-SRL). 

• Very high level concentration (red): >2,400 mg/kg (concentrations above about 6 times the 
R-SRL). 

ASARCO Concentrator and Historic Smelter Property  
The RI sampling efforts near the concentrator and historic Kennecott smelter properties 
included the collection and analysis of 27 surface soil samples from the PCON area, 
15 surface soil samples from the KS area, and 7 surface soil samples from the CF area. 

Arsenic Impacts. Figure 4-2 presents the soil sample locations with posted arsenic 
concentrations near the concentrator (PCON, KS, and CF areas). 

The highest arsenic concentrations among all the nonresidential sample locations were in 
samples PCON-20-SED-0 (1,720 mg/kg) and PCON-23-SED-0 (769 mg/kg), collected near 
the southeast perimeter of the concentrator facility. Elevated levels of arsenic were also 
found along the southern perimeter of the concentrator’s mill building, as indicated by 
sample PCON-11-SED-0 (81.6 mg/kg). In the former KS area, arsenic concentrations range 
from non-detectable levels (less than 2 mg/kg) in sample KS-06-SED-0, to 345 mg/kg in 
KS-02-SED-0 located near the containment pond located in the southwest portion of this 
area. Elevated arsenic concentrations were also found in nearby samples KS-01-SED-0 
(224 mg/kg) and KS-03-SED-0 (140 mg/kg). Elevated arsenic concentrations (114 mg/kg in 
KS-8-SED-0) were also found in samples collected to the north and east of the former KS 
area (see Figure 4-2).  

Soils in the area immediately south of the former KS and north of ASARCO’s administration 
building show elevated arsenic concentrations, with the highest concentration in sample 
KS-14-SED-0 (90.7 mg/kg). The high arsenic concentrations in this area are likely the result 
of historical windblown and surface water runoff impacts from the former KS area, and 
because this area was formerly used as a yard area supporting smelter activities. Soils 
around the CF contain the lowest arsenic concentrations in the concentrator facility area; 
however, arsenic levels in the area immediately north of the CF, adjacent to Conveyor 9 and 
the conveyor drainage tailings deposits, are as high as 52.7 mg/kg (CF-07-SED-0).  

Samples PCON-16-SED-0 and PCON-17-SED-0 were samples of fine ore dust collected 
below where Conveyor 9 delivers ore to the mill building; the arsenic concentrations in 
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these samples (13.4 mg/kg and 12.9 mg/kg, respectively) are above the R-SRL and slightly 
above the background level of 12.5 mg/kg for the Ts geologic map unit area.  

Taken collectively, these data indicate that the concentrating and historic smelter operations 
area, including the CF, have resulted in elevated arsenic impacts above the background 
level of 12.5 mg/kg and the R-SRL of 10 mg/kg.  

Copper Impacts. Figure 4-3 presents the soil sample locations with posted copper 
concentrations near the concentrator and historic smelter (PCON, KS, and CF areas).  

The highest copper concentrations in the PCON area were in samples PCON-12-SED-0 
(69,300 mg/kg, or nearly 7% of the total mineral composition in the soil) and PCON-25-SED-
0 (59,700 mg/kg, or nearly 6%), collected near the southwest and northeast perimeter of the 
concentrator facility, respectively. Sample PCON-11-SED-0, also located southwest of the 
concentrator facility, contained the next highest copper level (57,800 mg/kg).  

In the former KS area, copper concentrations were higher, with samples KS-06-SED-0 
(192,000 mg/kg, or 19.2%) near the railroad line south of the former smelter area, and KS-09-
SED-0 (132,999 mg/kg) north of the former smelter, showing the highest concentrations. 
Soils in the area south of the former KS and north of ASARCO’s administration building 
also show elevated copper concentrations, with the highest concentration in sample KS-14-
SED-0 (48,600 mg/kg). 

Soils north of the CF and within the conveyor drainage tailings deposits also show elevated 
copper levels, based on samples CF-06-SED-0 (131,000 mg/kg, or 13.1%) and CF-04-SED-0 
(57,600 mg/kg).  

The fine ore dust samples PCON-16-SED-0 and PCON-17-SED-0 have copper concentrations 
of 9,510 mg/kg and 7,530 mg/kg, respectively, which are both above the R-SRL. 

Taken collectively, these data indicate that the concentrating operations area, including the 
former KS area and CF area, have resulted in elevated copper impacts well above the 
background level of 1,270 mg/kg (for Ts geologic map unit area) and the R-SRL of 
3,100 mg/kg. 

Lead Impacts. Figure 4-4 presents the soil sample locations with posted lead concentrations 
near the concentrator (PCON, KS, and CF areas).  

The highest lead concentrations in the PCON area were in samples PCON-25-SED-0 
(348 mg/kg) and PCON-21-SED-0 (329 mg/kg), collected near the northeast and southeast 
perimeter of the concentrator facility, respectively. Although these concentrations are below 
the R-SRL of 400 mg/kg, they are above the lead background level of 47.9 mg/kg for the Ts 
geologic map unit.  

In the former KS area, lead concentrations were higher, with samples KS-09-SED-0 
(552 mg/kg) and KS-08-SED-0 (539 mg/kg) north of the former smelter, and sample 
KS-02-SED-0 (547 mg/kg) near the containment pond southeast of the former smelter, 
showing the highest levels. Soils in the area south of the former KS and north of ASARCO’s 
administration building also show elevated lead concentrations, with the highest 
concentration in sample KS-14-SED-0 (450 mg/kg). 
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Soils north of the CF and within the conveyor drainage tailings deposits show lower lead 
levels relative to the concentrator and former KS areas, but still above background levels. 
Samples CF-07-SED-0 (156 mg/kg) and CF-04-SED-0 (102 mg/kg) have the highest lead 
levels in this area.  

The fine ore dust samples PCON-16-SED-0 and PCON-17-SED-0 have lead concentrations of 
47.4 mg/kg and 21.3 mg/kg, respectively, which are well below the R-SRL and background 
levels.  

Taken collectively, these data indicate that the former KS area has soils with lead 
concentrations above the R-SRL of 400 mg/kg, and the PCON and CF areas have soils with 
lead above the background level of 47.9 mg/kg (for the Ts geologic map unit). 

Other Metals—Molybdenum, Vanadium, and Iron. Most of the exceedances for molybdenum, 
vanadium, and iron are near the concentrator operations. Therefore, Figure 4-5 presents 
those soil sample locations within the concentrator and surrounding area with exceedances 
of the R-SRL and/or PRG for molybdenum, vanadium, and iron (Table 4-7).  

For molybdenum, the R-SRL of 390 mg/kg is exceeded in nine surface soil samples, which 
are all located on ASARCO property. Six of these samples are in the KS area, where the 
maximum concentration (2,280 mg/kg in KS-06-SED-0) is also present. Two of the nine 
samples are in the PCON area, and include PCON-11-SED-0 (1,240 mg/kg) and 
PCON-25-SED-0 (1,020 mg/kg).  

For vanadium, the R-SRL of 78 mg/kg is exceeded in nine surface soil samples, which are 
more broadly distributed, although eight of the nine are on ASARCO property. Two of these 
samples are in the KS area: KS-01-SED-0 (84.2 mg/kg) and KS-02-SED-0 (105 mg/kg). Two 
of the nine samples are in the PCON area: PCON-11-SED-0 (93.3 mg/kg) and 
PCON-21-SED-0 (105 mg/kg). One sample is located in PHW (PHW-SED-11AS, 
79.8 mg/kg), and the remaining samples are located outside the mapped area of Figure 4-5.  

For iron, concentrations in some samples in the KS and PCON areas are an order of 
magnitude higher than in other surrounding areas, with the highest levels in KS-04-SED-0 
(227,000 mg/kg), KS-02-SED-0 (197,000 mg/kg), and PCON-25-SED-0 (162,999).  

ASARCO Smelter Property  
The RI efforts near the active smelter areas included the collection and analysis of one 
surface soil sample each from the PSMT and SD areas, and four surface soil samples from 
the SDD area. 

Arsenic Impacts. Figure 4-6 presents the soil sample locations with posted arsenic 
concentrations near the current smelter (PSMT, SD, and SDD areas).  

The single sample collected from the PSMT area (PSMT-01-SED-0) showed an elevated 
arsenic level of 121 mg/kg, while the single sample from the SD area (SD-01-SED-01) 
showed a concentration of 24.7 mg/kg. For the SDD area, samples SDD-01-SED-0 and 
SDD-02-SED-0 showed the highest arsenic levels, at 361 mg/kg and 232 mg/kg, 
respectively.  
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Taken collectively, these data indicate that the current smelter operations area have resulted 
in elevated arsenic impacts above the background level of 12.7 mg/kg (for the Qo geologic 
map unit) and the R-SRL of 10 mg/kg. 

Copper Impacts. Figure 4-7 presents the soil sample locations with posted copper 
concentrations near the current smelter (PSMT, SD, and SDD areas).  

The single sample collected from the PSMT area (PSMT-01-SED-0) showed a significantly 
elevated copper level of 380,000 mg/kg (38%), while the single sample from the SD area 
(SD-01-SED-01) showed an elevated concentration of 47,200 mg/kg. For the SDD area, 
samples SDD-03-SED-0 and SDD-01-SED-0 showed the highest copper levels, at 
27,000 mg/kg and 12,100 mg/kg, respectively.  

Taken collectively, these data indicate that the current smelter operations area have resulted 
in elevated copper impacts above the background level of 1,193 mg/kg (for the Qo geologic 
map unit) and the R-SRL of 3,100 mg/kg. 

Lead Impacts. Figure 4-8 presents the soil sample locations with posted lead concentrations 
near the current smelter (PSMT, SD, and SDD areas).  

The single sample collected from the PSMT area (PSMT-01-SED-0) showed the highest lead 
concentration (1,230 mg/kg) of any nonresidential soil samples, while the single sample 
from the SD area (SD-01-SED-01) showed a lead concentration of 468 mg/kg; both 
exceeding the R-SRL of 400 mg/kg. For the SDD area, samples SDD-01-SED-0 and SDD-02-
SED-0 showed the highest lead levels, at 308 mg/kg and 220 mg/kg, respectively.  

Taken collectively, these data indicate that the current smelter operations area have resulted 
in elevated lead impacts above the background level of 60.4 mg/kg (for the Qo geologic 
map unit), with two exceedances of the R-SRL of 400 mg/kg. 

Other Metals—Molybdenum, Vanadium, and Iron. For molybdenum, the R-SRL of 390 mg/kg 
is exceeded in one sample from the smelter area: SD-01-SED-0 (1,060 mg/kg). No soil 
samples from the smelter area showed vanadium exceedances. Finally, nearly all samples 
showed iron exceedances. 

ASARCO Tailings Impoundment Property  
The RI efforts near the active tailings impoundments included the collection and analysis of 
eight surface soil samples from the TPA area, and four surface soil samples from the TPD 
area. Samples were collected at the most recent deposition areas as shown in Figures 4-9 
through 4-11. 

Arsenic Impacts. Figure 4-9 presents the soil sample locations with posted arsenic 
concentrations near the active tailings impoundments (TPA and TPD areas).  

For the TPA area, four of eight samples showed arsenic above background levels, including 
TPA-08-SED-0 (27.3 mg/kg), TPA-04-SED-0 (24.5 mg/kg), TPA-03-SED-0 (21.8 mg/kg), and 
TPA-07-SED-0 (13.7 mg/kg). For the TPD area, only one of the four samples showed arsenic 
levels above background: TPD-04-SED-0 (18.1 mg/kg).  
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Taken collectively, these data indicate that soils in TPA show slightly elevated arsenic levels, 
whereas soils in TPD do not show widespread occurrence of arsenic levels above 
background. 

Copper Impacts. Figure 4-10 presents the soil sample locations with posted copper 
concentrations near the active tailings impoundments (TPA and TPD areas).  

For the TPA area, all eight samples showed copper levels above background levels, but only 
one sample (TPA-06-SED-0, 3,730 mg/kg) had a copper concentration above the R-SRL of 
3,100 mg/kg. For the TPD area, all four samples showed levels above background, and two 
samples (TPD-04-SED-0 at 6,000 mg/kg, and TPD-02-SED-0 at 3,920 mg/kg) showed copper 
levels above the R-SRL.  

Taken collectively, these data indicate that soils in TPA and TPD show slightly elevated 
copper levels above background, with limited exceedances of the R-SRL. 

Lead Impacts. Figure 4-11 presents the soil sample locations with posted lead concentrations 
near the active tailings impoundments (TPA and TPD areas).  

For the TPA area, three of the eight samples showed lead levels above background, but no 
samples exceeded the R-SRL of 400 mg/kg. For the TPD area, all four samples showed lead 
levels near or below background levels, and well below the R-SRL.  

Taken collectively, these data indicate that soils in TPA and TPD do not show widespread 
elevated lead impacts. 

Other Metals—Molybdenum, Vanadium, and Iron. For molybdenum, there are no R-SRL 
exceedances in the TPA and TPD samples. One soil sample (TPA-07-SED-0) showed an 
exceedance for vanadium (79.4 mg/kg). Finally, one sample showed an iron exceedance 
(TPA-07-SED-0 at 36,100 mg/kg). 

Hayden Wash Areas  
The RI efforts near the adjacent washes included the collection and analysis of 15 surface 
soil samples and five subsurface soil samples from PHW, 10 surface soil samples from 
KAW, and 17 surface soil samples from SPW. All soil sample results for these locations can 
be found in Table 4-4 and 4-7. 

Arsenic Impacts. Figure 4-2 presents the surface soil sample locations with posted arsenic 
concentrations in the adjacent washes (PHW, KAW, and SPW areas). For the PHW area, 10 
of the 15 surface soil sample results exceed background, with the highest arsenic 
concentration in PHW-SED-05AS (77.4 mg/kg). The arsenic levels in all five PHW 
subsurface soil samples exceed background, with the highest concentration in PHW-SED-
02BS (37.9 mg/kg).  

For the KAW area, seven samples collected along the lower reaches of the wash, where the 
former tailings deposition is visible, showed arsenic levels below background. The 
following three samples collected along the upper reach of the wash, closer to the 
concentrator operations and slightly outside the former tailings deposition area, showed 
arsenic levels above background: KAW-10-SED-0 (22 mg/kg), KAW-09-SED-0 (21.6 mg/kg) 
and KAW-06-SED-0 (15.5 mg/kg). 
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For the SPW area, 13 of the 17 samples showed arsenic levels above background, with the 
highest concentrations along the upper reaches of the wash, closer to the former KS area, in 
samples SPW-SED-02AS (29.7 mg/kg) and SPW-SED-06AS (28.9 mg/kg). 

These data indicate that the PHW area has been impacted by nearby crusher and 
concentrator operations. The former tailings in the KAW area do not show elevated arsenic 
impacts, whereas soils in the upper reaches of the KAW and SPW areas do show arsenic 
impacts.  

Copper Impacts. Figure 4-3 presents the surface soil sample locations with posted copper 
concentrations in the adjacent washes (PHW, KAW, and SPW areas). For the PHW area, all 
11 of 15 surface soil sample results exceeded background and the R-SRL for copper, with the 
highest copper concentration in PHW-SED-05AS (12,200 mg/kg). The copper levels in all 
five PHW subsurface soil samples exceed background and the R-SRL, with the highest 
concentration in PHW-SED-02BS (11,100 mg/kg).  

For the KAW area, most samples collected along the lower reaches of the wash, where the 
former tailings deposition area is located, showed copper levels near or below background 
levels and generally below the R-SRL of 3,100 mg/kg with the exception of KAW-03-SED-0 
(3,920 mg/kg). The following three samples collected along the upper reach of the wash, 
closer to the concentrator operations and slightly outside the former tailings deposition area, 
showed copper levels above the R-SRL: KAW-09-SED-0 (13,500 mg/kg), KAW-10-SED-0 
(9,620 mg/kg) and KAW-06-SED-0 (4,720 mg/kg). 

For the SPW area, 16 of the 17 samples showed copper levels above background, with the 
highest concentrations along the upper reaches of the wash, closer to the former KS area, in 
samples SPW-SED-02AS (12,500 mg/kg) and SPW-SED-01AS (10,500 mg/kg). 

These data indicate that the PHW area has been impacted by nearby crusher and 
concentrator operations. The former tailings in the KAW area do not show elevated copper 
impacts, whereas soils in the upper reaches of the KAW and SPW areas do show 
copper impacts. 

Lead Impacts. Figure 4-4 presents the surface soil sample locations with posted lead 
concentrations in the adjacent washes (PHW, KAW, and SPW areas).  

For the PHW area, nearly all 15 surface soil sample results exceeded background lead levels, 
but no samples exceeded the R-SRL of 400 mg/kg. The highest lead concentration is in 
PHW-SED-05AS (242 mg/kg). The lead levels in four of the five PHW subsurface soil 
samples exceed background but not the R-SRL, with the highest concentration in PHW-
SED-02BS (140 mg/kg).  

For the KAW area, all samples collected along the lower reaches of the wash, where the 
former tailings deposition area is visible, showed lead levels below background and below 
the R-SRL. The following three samples collected along the upper reach of the wash, closer 
to the concentrator operations and slightly outside the former tailings deposition area, 
showed lead levels above background but still below the R-SRL: KAW-10-SED-0 
(97.7 mg/kg), KAW-06-SED-0 (81.5 mg/kg), and KAW-09-SED-0 (64.9 mg/kg). 

For the SPW area, most of the 17 samples showed lead levels near or below background, 
and all results are below the R-SRL. The highest concentration was in a sample along the 
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middle reach of the wash, closer to the former KS area, in sample SPW-SED-06AS 
(129 mg/kg). 

These data indicate that the adjacent wash areas contain some soils with levels above 
background, but these areas have not been impacted above the R-SRL. The former tailings in 
the KAW area do not show elevated lead impacts. 

Other Metals—Molybdenum, Vanadium, and Iron. For molybdenum, there are no R-SRL 
exceedances in the wash area samples. One soil sample (PHW-SED-11AS at 79.8 mg/kg) 
showed an exceedance for vanadium. Finally, nearly all PHW and SPW samples show iron 
exceedances (Table 4-7). 

Surface to Subsurface Comparison of Results. All five subsurface samples collected in PHW 
exceeded the R-SRL for arsenic and copper, but not for lead. When compared to the surface 
samples associated with each subsurface sample location, the concentrations in the 
subsurface samples tend to be lower than the surface samples. However, three samples 
(PHW-SED-02BS, PHW-SED-06BS, and PHW-SED-08BS) had copper concentrations greater 
than the associated surface samples (Table 4-7).  

Non-ASARCO Properties  
The RI efforts on non-ASARCO properties included the collection and analysis of the 
following: 

• Hayden Public Areas (HPUB - 9 surface and 10 subsurface soil samples 
• Hayden Golf Club (HGC - 33 surface and one subsurface soil samples 
• Winkelman School Complex (WSC - 38 surface soil samples 
• Winkelman School Housing Lot A (WSCLA) - 7 surface and one subsurface soil sample 
• Winkelman School Housing Lot B (WSCLB) - 9 surface and one subsurface soil sample 
• Winkelman School Housing Lot C (WSCLC) - 9 surface and one subsurface soil sample 
• State Route 77 (SR77 – 3 surface and 3 subsurface soil samples 
• Upland Areas (UP and UPA – 12 surface and 12 subsurface soil samples 

Arsenic Impacts. Figures 4-2, 4-6, and 4-9 present the surface soil sample locations with 
posted arsenic concentrations in the non-ASARCO properties. The surface and subsurface 
soil sample results for arsenic for these areas are presented in Tables 4-6 and 4-7.  

For the HPUB area, five of the nine surface soil sample results exceeded background and the 
R-SRL, with the highest arsenic concentration in HPUB-01-SED-0 (60.9 mg/kg) located near 
the pool within the Hayden public park area. The arsenic levels in three of the 10 HPUB 
subsurface soil samples exceed background, with the highest concentration also in 
HPUB-01-SED-1 (26.4 mg/kg).  

For the HGC area, the data results fall into two groups. All 23 samples collected on the 
central and eastern portion of the golf course (HGC-01 through HGC-23) were below 
background levels for arsenic. However, 9 of the 10 surface soil samples collected on the far 
western edge of the golf course, adjacent to TPA, showed arsenic levels above background 
and above the R-SRL of 10 mg/kg. The highest concentration was in HGC-30-SED-0 
(87.8 mg/kg). The single subsurface soil sample (HGC-30-SED-1) was collected at this same 
location, and the result (6.5 mg/kg) is below background and the R-SRL. 
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For the WSC, WSCLA, WSCLB, and WSCLC areas, all surface and subsurface soil samples 
were below background except for a single surface sample (WSC-01-SED-0, 14.9 mg/kg) 
located near the northern end of the school complex. 

For the SR77 area, two of the three surface soil samples exceeded background, with the 
highest concentration in SR77-01-SED-0 (39.1 mg/kg). All three subsurface soil samples 
exceeded background, with the highest concentration in SR77-02-SED-0.3 (31.4 mg/kg).  

Finally, for the UP and UPA areas, arsenic results are below background for all samples 
except those collected in relatively close proximity to ASARCO operations, including 
UP-02-SED-0 (70 mg/kg) south of the smelter area, and UPA-08-SED-0 (27.2 mg/kg) just 
west of SPW. The arsenic results from two subsurface soil samples south of the smelter 
(UP-02-SED-1 at 31.3 mg/kg and UP-01-SED-1 at 13.2 mg/kg) also exceeded background. 

These data indicate that several soil samples collected within the HPUB area, the western 
portion of HGC, SR77 area, and from two UP and UPA sample locations near ASARCO 
operations, exceeded the background and R-SRL for arsenic.  

Copper Impacts. Figures 4-3, 4-7, and 4-10 present the surface soil sample locations with 
posted copper concentrations in the non-ASARCO properties. The surface and subsurface 
soil sample results for copper for these areas are presented in Tables 4-6 and 4-7.  

For the HPUB area, six of the nine surface soil sample results exceeded the copper R-SRL of 
3,100 mg/kg, with the highest concentration in HPUB-01-SED-0 (24,400 mg/kg), located 
near the pool within the Hayden public park area. The copper levels in three of the 10 HPUB 
subsurface soil samples exceed background, with the highest concentration in 
HPUB-10-SED-1 (8,210 mg/kg).  

For the HGC area, the data results fall into two groups. Nearly all samples collected on the 
central and eastern portion of the golf course were below background and the R-SRL for 
copper. However, several surface soil samples collected on the far western edge of the golf 
course, adjacent to TPA, showed copper levels above the R-SRL of 3,100 mg/kg. The highest 
concentration was in HGC-22-SED-0 (14,700 mg/kg). The single subsurface soil sample 
(HGC-30-SED-1) showed copper well below background. 

For the WSC, WSCLA, WSCLB, and WSCLC areas, all surface and subsurface soil samples 
were below the R-SRL of 3,100 mg/kg, and nearly all samples are below background. 

For the SR77 area, two of the three surface soil samples exceeded the copper R-SRL, with the 
highest concentration in SR77-01-SED-0 (8,130 mg/kg). One of the three subsurface soil 
samples also slightly exceeded the R-SRL (SR77-02-SED-0.3 at 3,110 mg/kg).  

Finally, for the UP and UPA areas, copper results are below background and the R-SRL for 
all samples except those collected in relatively close proximity to ASARCO operations, 
including UP-02-SED-0 (10,200 mg/kg) south of the smelter area, UPA-08-SED-0 
(6,310 mg/kg) just west of SPW, and UPA-09-SED-0 (3,250 mg/kg) located north of TPA. 
The copper results from the subsurface soil sample south of the smelter (UP-02-SED-1 at 
3,620 mg/kg) also exceeded the R-SRL. 
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These data indicate that several soil samples collected within the HPUB area, the western 
portion of HGC, the SR77 area, and from three upland area sample locations near ASARCO 
operations, exceeded the background and R-SRL for copper. 

Lead Impacts. Figures 4-4, 4-8, and 4-11 present the surface soil sample locations with posted 
lead concentrations in these non-ASARCO properties. The surface and subsurface soil 
sample results for lead for these areas are presented in Table 4-6.  

For the HPUB area, there were no exceedances of the lead R-SRL of 400 mg/kg, although 
five of the nine surface soil sample results exceeded the lead background, with the highest 
concentration in HPUB-01-SED-0 (209 mg/kg), located near the pool within the Hayden 
public park area. The lead levels in three of the 10 HPUB subsurface soil samples exceed 
background, with the highest concentration in HPUB-01-SED-0 (89.5 mg/kg).  

For the HGC area, the data results fall into two groups, although all samples in the HGC 
area are below the R-SRL for lead. All samples collected on the central and eastern (HGC-01 
through HGC-23) portion of the golf course were below background for lead. However, 
several surface soil samples collected on the far western edge of the golf course, adjacent to 
the tailings impoundment, showed lead levels above background. The highest lead 
concentration was in HGC-29-SED-0 (227 mg/kg). The single subsurface soil sample 
(HGC-30-SED-1 at 15.7 mg/kg) showed lead well below background. 

For the WSC, WSCLA, WSCLB, and WSCLC areas, all surface and subsurface soil samples 
were below the R-SRL of 400 mg/kg, and nearly all samples are below background. 

For the SR77 area, all surface and subsurface samples were below the lead R-SRL of 
400 mg/kg. Two of the three surface samples were above background, with the highest 
concentration in SR77-01-SED-0 (231 mg/kg). Two of the three subsurface soil samples also 
slightly exceeded background (SR77-02-SED-0.3 at 114 mg/kg and SR77-03-SED-0.33 at 
73.8 mg/kg).  

Finally, for the upland areas, UP and UPA samples, all results are below the lead R-SRL of 
400mg/kg. Also, lead results are below background for all samples except those collected 
near ASARCO operations, including UP-02-SED-0 (247 mg/kg) south of the smelter area, 
UPA-08-SED-0 (143 mg/kg) just west of SPW, and UPA-09-SED-0 (84.4 mg/kg) located 
north of TPA. The lead results from one subsurface soil sample (UP-02-SED-1 at 
94.8 mg/kg) also exceeded background. 

These data indicate that no exceedance of the lead R-SRL was found in soil samples 
collected on non-ASARCO property. However, several soil samples collected within the 
HPUB area, the western portion of HGC, the SR77 area, and from three UP And UPA 
sample location, exceeded the background level for lead. 

Other Metals—Molybdenum, Vanadium, and Iron. For molybdenum, there are no R-SRL 
exceedances in the non-ASARCO area samples. One HGC soil sample (HGC-33-SED-0 at 
105 mg/kg) and one upland sample (UPA-01-SED-0 at 86.3 mg/kg) showed an exceedance 
for vanadium (Table 4-7). Finally, one HPUB sample (HPUB-01-SED-0 at 30,800 mg/kg), 
two HGC samples (HGC-30-SED-0 at 25,900 mg/kg and HGC-33-SED-0 at 46,600 mg/kg), 
and one SR77 sample (SR77-01-SED-0 at 27,200) showed an exceedance for iron. 
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Surface to Subsurface Comparison of Results. The subsurface concentrations are 
considerably lower than the surface samples. There were 10 subsurface samples that had a 
greater concentration of arsenic, copper, or lead than the associated surface sample. The 
concentrations exhibited in the 10 subsurface samples were similar to the concentrations of 
the associated surface sample with the exception; SR77-01-SED-1 had twice the 
concentrations of arsenic, copper, and lead than the associated surface sample (Table 4-7). 

4.1.5  Nature and Extent of Distribution in Residential Soils 
This section presents the RI results for the residential soils and evaluates the nature and the 
extent of elevated metals concentrations. The discussion is organized based on the zones 
established during the sampling program. These designated zones are related to the location 
of the individual residential lots relative to ASARCO facilities. Although the RI included 
analysis of residential soil samples for the full TAL metals list, only arsenic, copper, and 
lead are considered COCs in residential soils (as described in Section 4.1.2), and are the 
focus of this section.  

Approach to Data Evaluation 
As detailed in Section 3.2.3, the residential soil investigation included the collection of nine 
surface soil samples and one subsurface soil sample from 99 home parcels in Hayden and 
31 home parcels in Winkelman. The samples were analyzed for arsenic, copper, and lead 
(a subset of these samples were also analyzed for the full TAL metals list). The surface soil 
sample results from each parcel were then compiled and summary statistics were generated, 
including the mean, maximum, and 95% upper confidence level (UCL) for arsenic, copper, 
and lead. The UCL is the concentration that 95% of the samples from a given yard will not 
exceed, and is considered a useful value to represent the overall level of surface soils impact 
in a given parcel. The UCL was then compared with the appropriate regulatory criteria (R-
SRLs and PRGs) to assess whether an exceedance existed on that parcel, and with 
background metals concentrations. The single subsurface sample result was used to assess 
the relative depth of any impacts.  

As described in Section 4.1.4.1, figures depicting the concentrations of arsenic, copper, and 
lead in residential soils were prepared to help assess the spatial variability of the data. The 
figures are color coded to show the relative concentration of arsenic, copper, and lead in the 
mapped area of interest. As discussed in Section 4.1.4.1, the same color-coding designations 
used to evaluate nonresidential soils impacts were also used for residential soils.  

The RI residential soil sample results are presented separately for Hayden and Winkelman 
in the following sections. The extent of impacts from arsenic, copper, and lead was 
markedly different in Hayden compared to Winkelman. Elevated concentrations are 
relatively widespread in Hayden, but limited to a relatively few parcels in Winkelman.  

Hayden Residential Soils 
This section presents the results of soil sampling conducted at the 99 residential parcels in 
Hayden. Table 4-8 presents the mean, maximum, and UCL values of arsenic, copper, and 
lead for each Hayden residential parcel, while Table 4-9 presents the TAL metals for which 
any exceedances occurred for all individual residential soil samples in Hayden. Figures 4-12 
through 4-17 present the surface and subsurface soil sampling results individually for 
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arsenic, copper and lead. The results are presented for each metal in the following sections 
based on proximity to ASARCO operations. 

Arsenic. Figure 4-12 presents the mean, maximum, and UCL values for residential surface 
soil samples on an aerial base map of Hayden, along with the nearby nonresidential surface 
soil results. Figure 4-13 presents the results of the single subsurface soil sample collected on 
each residential parcel. For this section, the main comparison criteria are the Arizona R-SRL 
of 10 mg/kg, the background value (per Table 4-2, the UTL value for Ts soils) of 
12.5 mg/kg, and the non-cancer risk HI of 1 value of 26 mg/kg.  

Only one parcel in Hayden has an arsenic UCL concentration below the R-SRL of 10 mg/kg. 
This parcel (101-07-185C at 9.02 mg/kg) is located in Zone 1, the most distant zone in 
Hayden from the concentrator operations. Also, four other parcels display arsenic UCL 
concentrations just over the R-SRL but below the background value of 12.5 mg/kg; these 
parcels (101-07-202, 101-07-234, 101-07-244, and 101-07-247) are all located in nearby Zones 2 
and 3, which are the next most distant zones from active operations. The remaining 94 
parcels in Hayden display UCL values above both the R-SRL and background values. The 
UCL concentrations in these 94 parcels range from 13.4 mg/kg in parcel 101-07-259, 
(Zone 4), to 540 mg/kg in parcel 101-07-089T (Zone 9, just south of the former KS area).  

As shown on Figure 4-12, the highest arsenic concentrations are in Zones 7, 8, 9, 10, 16, and 
17 located south of the former KS area and west and south of the active concentrator 
operations. Of the parcels sampled in these three zones, nearly all display arsenic UCL 
concentrations above the arsenic non-cancer HI of 1 value of 26 mg/kg. The second highest 
arsenic UCL concentration among all Hayden parcels (221 mg/kg in parcel 101-09-140) is 
located in Zone 16. The next most impacted area is represented by Zones 12, 13, 14, and 15, 
located in eastern Hayden and adjacent to ASARCO’s concentrator facility. In these zones, 
many parcels also contain arsenic UCL concentrations above the arsenic non-cancer HI of 1 
value of 26 mg/kg.  

As indicated on Figure 4-13, the subsurface arsenic soil concentrations are considerably 
lower than surface soil concentrations. Nearly half of the subsurface soil samples 
(46 samples) display arsenic concentrations below the R-SRL. Seven subsurface samples are 
above the non-cancer HI value of 1 value of 26 mg/kg, and these samples are generally 
located in zones adjacent to concentrator operations. The highest concentrations in 
subsurface soil samples occur in parcel 101-07-010 in Zone 10 (74 mg/kg) and in parcel 
101-09-108 in Zone 16 (58.1 mg/kg); in these two parcels, the subsurface arsenic 
concentration exceeds the arsenic UCL for the surface soil samples.  

Copper. Figure 4-14 presents the mean, maximum, and UCL values for residential surface 
soil samples in Hayden. Figure 4-15 presents the results of the single subsurface soil sample 
collected on each residential parcel. For this section, the main comparison criteria are the 
Arizona R-SRL of 3,100 mg/kg and the background value (per Table 4-2, the UTL value for 
Ts soils) of 1,270 mg/kg.  

Only nine of the 99 parcels in Hayden have copper UCL concentrations below the R-SRL of 
3,100 mg/kg. Eight of these nine parcels are located in Zones 1-4, the most distant zones in 
Hayden from the concentrator operations. However, all nine of these parcels have copper 
UCL concentrations above the background value of 1,270 mg/kg. The remaining 90 parcels 
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in Hayden display UCL values above the R-SRL and, therefore, well above background 
value. The UCL concentrations in these 90 parcels range from 3,350 mg/kg in parcel 
101-07-259, (Zone 4), to 39,700 mg/kg in parcel 101-09-140 (Zone 16, near the active 
concentrator operations).  

As shown on Figure 4-14, the pattern of elevated copper concentrations is similar to that 
displayed for arsenic. The highest copper concentrations are in Zones 7-9, located south of 
the former KS area and west of the active concentrator operations, and in Zones 10 and 16, 
located in northeast Hayden and immediately adjacent to ASARCO’s concentrator facility.  

As indicated on Figure 4-15, the subsurface copper soil concentrations are considerably 
lower than surface soil concentrations. All but 24 of the 99 subsurface soil samples display 
copper concentrations below the R-SRL. Most of the subsurface soil samples with 
concentrations below the R-SRL are also below the background value, although several 
parcels, primarily those located closer to active concentrator operations, are above 
background values. The highest concentrations in subsurface soil samples occur in parcel 
101-07-110 in Zone 8 (17,100 mg/kg) in the KAW area, and in parcel 101-09-108 in Zone 16 
(11,300 mg/kg); in these two parcels, the subsurface copper concentration exceeds the 
copper UCL for the surface soil samples. 

Lead. Figure 4-16 presents the mean, maximum, and UCL values for residential surface soil 
samples in Hayden. Figure 4-17 presents the results of the single subsurface soil sample 
collected on each residential parcel. For this section, the main comparison criteria are the 
background value (per Table 4-2, the UTL value for Ts soils) of 47.9 mg/kg, the screening 
level of 212 mg/kg (as described in Section 4.1.4.1), and the Arizona R-SRL of 400 mg/kg.  

All 99 parcels in Hayden have lead UCL concentrations above the background value of 
47.9 mg/kg. Approximately 70% (70 parcels) have lead UCL concentrations above the 
screening level of 212 mg/kg, and about 45% (45 parcels) are above the R-SRL of 
400 mg/kg. 

The lowest lead UCL concentration is in parcel 101-07-185C (51.8 mg/kg), located in Zone 1, 
the most distant zone in Hayden from the concentrator operations. The highest lead UCL 
concentrations are in parcel 101-09-088 (92,600 mg/kg, Zone 15), parcel 101-09-004 
(8,170 mg/kg, Zone 12), and parcel 101-09-077 (7,250 mg/kg, Zone 14), located in central 
Hayden. The lead concentration in the Zone 15 parcel is anomalously high (an order of 
magnitude above the next highest values) and exceeds levels in nonresidential soil samples 
on ASARCO property, suggesting that other possible sources of lead may be present on this 
parcel. Overall, the largest percentage of parcels with lead UCL concentrations above the 
R-SRL are in Zones 10, 12, 13, 14, and 16, located in relatively close proximity to 
concentrator operations. As indicated on Figure 4-16, the lead values in nonresidential soil 
samples collected on the concentrator property are above background, but below the R-SRL 
and in most cases below the UCL values in nearby residential parcels. These data indicate 
that ASARCO operations may be a source of lead, along with other sources such as lead-
based paint. 

As indicated on Figure 4-17, the subsurface lead soil concentrations are considerably lower 
than surface soil concentrations. Approximately 30% (30 parcels) have lead concentrations 
below the background value. Regarding exceedances, 12 parcels have lead values above the 
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4.1.5.3 

screening value of 212 mg/kg, and seven parcels have lead values above the R-SRL of 400 
mg/kg. Lead concentrations in these seven lots range from 433 mg/kg to 1,340 mg/kg and 
are located in Zones 2, 8, 10, 12, 13, 14, and 16.  

Other Metals—Molybdenum, Vanadium, and Iron. As described in Section 4.1.4.2, most of the 
exceedances for molybdenum, vanadium, and iron are in nonresidential soils near the 
former KS and concentrator operations. Figure 4-8 and Table 4-9 present individual (not 
UTL) residential and nonresidential soil sample locations in Hayden with exceedances of 
the R-SRL and/or PRG for vanadium and iron (there were no molybdenum exceedances). 
Only one residential parcel in the northern end of Zone 8, just south of the former KS area, 
displayed an exceedance for vanadium (101-07-091 , 80.7 mg/kg) above the R-SRL of 78 
mg/kg.  

Iron exceedances occur at 59 of the 99 investigated lots in Hayden. The highest iron 
concentrations are in Zone 9 parcels 101-07-035AS (84,400 mg/kg) and 101-07-062 
(78,300 mg/kg), located south of the former KS area, which are about three times the PRG of 
23,000 mg/kg. The iron exceedances follow a similar pattern as the arsenic and lead 
exceedances, with higher concentrations in zones closer to concentrator operations.  

Winkelman 
This section presents the results of soil sampling conducted at the 31 residential parcels in 
Winkelman. Table 4-10 presents the mean, maximum, and UCL values of arsenic, copper, 
and lead for each Winkelman residential parcel, while Table 4-11 presents the TAL metals 
for which any exceedances occurred for all individual residential soil samples in 
Winkelman. Figures 4-18 through 4-23 present the surface and subsurface soil sampling 
results individually for arsenic, copper, and lead. The results are presented for each metal in 
the following sections. 

Soil impacts in Winkelman are not widespread and appear to be limited to a few areas in the 
southern part of town. The school areas have low COC concentrations.  

Arsenic. Figure 4-18 presents the mean, maximum and UCL values for residential surface 
soil samples on an aerial base map of Winkelman, along with the nearby nonresidential 
surface soil results. Figure 4-19 presents the results of the single subsurface soil sample 
collected on each residential parcel. For this section, the main comparison criteria are the 
Arizona R-SRL of 10 mg/kg and the background value (per Table 4-2, the UTL value for Qo 
soils) of 9.1 mg/kg.  

Only five of the 31 parcels in Winkelman have arsenic UCL concentrations above the R-SRL 
(and therefore also above the background value). The arsenic UCL concentrations in these 
five parcels range from 16.6 mg/kg (parcel 101-12-142) to 112 mg/kg (parcel 101-12-071). 
These parcels are all located in Zones 18, 19, and 21, in the central and southern areas of 
Winkelman.  

As indicated on Figure 4-19, the subsurface arsenic soil concentrations are generally lower 
than surface soil concentrations. Only one subsurface soil sample (101-12-008J, 12.3 mg/kg) 
exceeds the R-SRL; this subsurface soil sample along with subsurface soil sample (101-10-
019, 9.4 mg/kg) exceeds the background UTL of 9.1 mg/kg. 
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Copper. Figure 4-20 presents the mean, maximum, and UCL values for residential surface 
soil samples. Figure 4-21 presents the results of the single subsurface soil sample collected 
on each residential parcel. For this section, the main comparison criteria are the Arizona 
R-SRL of 3,100 mg/kg and the background value (per Table 4-2, the UTL value for Qo soils) 
of 882 mg/kg.  

Only two of the 31 parcels in Winkelman have copper UCL concentrations above the R-SRL. 
The copper exceedances are found in two neighboring parcels in Zone 21: parcel 101-12-149 
(5,130 mg/kg) and 101-12-150 (4,410 mg/kg). Arsenic UCL exceedances were also found for 
these two parcels. In addition, parcels 101-12-142 (1,390 mg/kg) in zone 21 and parcel 
101-12-093 (1,040 mg/kg) in zone 20 exceeded the background value. All other copper UCL 
concentrations in Winkelman parcels are below the background level.  

As indicated on Figure 4-21, all subsurface copper concentrations are below both the 
background and R-SRL values in all samples.  

Lead. Figure 4-22 presents the mean, maximum, and UCL values for residential surface soil 
samples. Figure 4-23 presents the results of the single subsurface soil sample collected on 
each residential parcel. For this section, the main comparison criteria are the background 
value (per Table 4-2, the UTL value for Qo soils) of 45.8 mg/kg, the screening level of 
212 mg/kg (as described in Section 4.1.4.1), and the Arizona R-SRL of 400 mg/kg.  

Only five of the 31 parcels in Winkelman have lead UCL concentrations above the R-SRL. 
The highest lead exceedance is found in Zone 21 parcel 101-12-149 (2,330 mg/kg). Five 
additional parcels have lead UCL concentrations above the screening level of 212 mg/kg. Of 
the remaining 21 Winkelman parcels, 18 display lead UCL concentrations above the 
background concentration of 45.8 mg/kg. Because nonresidential soil samples collected in 
the northern part of Winkelman are generally below background lead levels, the residential 
soils data suggest that some limited lead-based paint impacts may exist as wells as other 
industrial sources in the southern part of town.  

As indicated on Figure 4-23, the subsurface lead concentrations are below the R-SRL values 
in all samples. Only two samples (101-12-102 at 283 mg/kg and 101-12-008J at 229 mg/kg) 
exceed the screening level of 212 mg/kg. Nine additional samples exceed the background 
value of 45.8 mg/kg. Overall, the subsurface lead impacts are relatively limited.  

Other Metals—Molybdenum, Vanadium, and Iron. Iron is the only metal besides arsenic, 
copper, and lead that exceeds comparison criteria in Winkelman soils. Only one exceedance 
of the iron PRG of 23,000 mg/kg was found in a single Winkelman residential sample from 
parcel 101-12-023A (25,500 mg/kg). The iron concentrations in Winkelman are considerably 
lower than levels in Hayden. 

4.1.6 Fate and Transport 
This section discusses the chemistry of COCs, transport properties, and potential pathways 
that may help explain the results observed at the Site.  

COC Characteristics—Overview 
The following sections summarize the chemical characteristics of the COCs identified in the 
previous sections. The discussion is limited to those COCs found within all soils at increased 



4.0 REMEDIAL INVESTIGATION RESULTS 

4-20 ES022008005PHX 

frequencies and concentrations (arsenic, copper, lead, iron). While there were several 
exceedances of molybdenum and vanadium, these are largely limited to areas around the 
concentrator and former KS operations and do not indicate widespread impacts. This 
information has been extracted from Remediation Technologies Screening Matrix, 
Version 4.0, Federal Remediation Technologies Roundtable, www.frtr.gov/matrix2/). 

4.1.6.2 

4.1.6.3 

4.1.6.4 

Arsenic Characteristics 
Arsenic occurs as part of the primary sulfide mineralization found in the ore processed by 
the ASARCO smelter. These primary mineral sulfides containing the arsenic oxidize when 
exposed to atmospheric conditions and the released arsenic becomes a negatively charged 
oxygenated ion. It is initially released from the smelter in its reduced more mobile and toxic 
form, arsenite (AsIII, or arsenic trioxide). This form of arsenic becomes further oxidized in 
the near surface environment to arsenate (AsV). In this respect, arsenic portrays the general 
chemical characteristics as molybdenum, vanadium, and antimony that also form negatively 
charged oxygenated ions. Arsenic in surface soils is usually in the oxidized arsenate form 
mostly adsorbed to iron-oxyhydroxide/ oxide that gives soils the yellow, brown, and red 
coloration. However, it can also become adsorbed to aluminum oxyhydroxide/oxide (major 
clay component) and to a significantly lesser extent can precipitate as a calcium arsenate or 
arsenite. The reduced arsenite form is much less likely to be adsorbed to iron oxyhydroxide 
than the oxidized arsenate and is therefore more mobile. Arsenic adsorption increases with 
decreasing pH and can become desorbed at pH values above about 7.5. Only hydroxide and 
orthophosphate are adsorbed more effectively on iron oxyhydroxide/oxide than arsenate. 
Therefore, unless the soil becomes anaerobic (exclusion of oxygen), the pH becomes fairly 
alkaline or orthophosphate is present in the water, arsenic remains adsorbed to surface soils.  

Copper Characteristics 
Copper also occurs as part of the primary sulfide mineralization found in the ore processed 
by the ASARCO smelter. When released to the atmosphere, copper forms a positively 
charged ion. Soil can retain copper through ion exchange (e.g., calcium), adsorption to iron 
oxyhydroxide/oxide and/or precipitated as blue or green copper carbonate minerals. As 
with other positively charged ions and unlike negatively charged ions like arsenic, copper is 
increasingly adsorbed with increasing pH and more mobile under acidic conditions. Copper 
is adsorbed to iron oxyhydroxide/oxide more strongly than any other positively charged 
metal, except lead. Copper, however, has a high affinity to soluble organic ligands. The 
formation of organic complexes may greatly increase its mobility in soil. Copper has a high 
toxicity to aquatic organisms. 

Lead Characteristics 
Lead can also occur as part of the primary sulfide mineralization found in the ore processed 
by the ASARCO smelter. When released to the atmosphere, lead, as a positively charged 
ion, has similar characteristics as copper. It is readily adsorbed by iron oxyhydroxide/oxide 
as pH increases and more mobile under acidic conditions. Lead forms a relatively insoluble 
carbonate mineral (cerrusite). However, in addition, it also forms an insoluble 
orthophosphate mineral (pyromorphite). Therefore, it is not as mobile as either copper or 
arsenic under near surface soil conditions. 

http://www.frtr.gov/matrix2/
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4.1.6.6 

4.1.6.7 

Lead tends to accumulate in the soil surface, usually within 3 to 5 centimeters of the surface. 
Lead concentrations from anthropogenic sources generally decrease with depth. Insoluble 
lead sulfide is typically immobile in soil as long as reducing conditions are maintained.  

The capacity of soil to adsorb lead increases with pH, cation exchange capacity, organic 
carbon content, soil/water Eh (redox potential), and orthophosphate levels. Lead exhibits a 
high degree of adsorption on clay-rich soil. Only a small percent of the total lead is typically 
leachable; the major portion is usually solid or adsorbed onto soil particles. Surface runoff, 
which can transport soil particles containing adsorbed lead, facilitates migration and 
subsequent desorption from contaminated soils. On the other hand, groundwater (typically 
low in suspended solids and leachable lead salts) does not normally create a major pathway 
for lead migration.  

It is also important to recognize that other sources of lead in soil, including lead-based paint, 
can exist, especially in older communities such as Hayden and Winkelman. The use of lead 
based paint used in residential structures was banned in 1978. 

Iron Characteristics 
Iron is the fourth most abundant element in the earth’s crust, of which it constitutes about 
five percent by weight. Iron is everywhere in soils and sediment. Its mobility is controlled 
by both pH and redox potential. It is typically immobile in the surface soil environment. The 
presence of iron at the Site is not necessarily of concern as a COPC. However, its presence 
affects the mobility and speciation of other constituents, including arsenic as described 
above. 

Transport Processes 
The primary sources of copper, arsenic, and to a lesser extent lead are sulfide minerals 
processed at the former Kennecott and current ASARCO operations. The main release 
mechanisms consist of historic stack and fugitive emissions from abandoned impoundments 
at historic operations facilities, as well as emissions from current ore transfer, concentrator, 
smelter, and tailings impoundments. Spills, discharges, and runoff from facilities the 
various facilities are also considered sources at the Site.  

Secondary sources and release mechanisms, which redistribute these elements from the 
primary sources, involve wind, onsite and offsite soils, tailings impoundments, and surface 
runoff. For the off-facility soils and tailings impoundments, the secondary possible release 
mechanisms are resuspension to outdoor air (wind and mechanical), adherence attributing 
to indoor dust (shoes, vehicles, clothing), direct contact of soils and tailings impoundments, 
uptake, surface water runoff with entrained sediments, and leaching to groundwater. The 
on-facility soils could possibly undergo resuspension (wind and mechanical) and 
entrainment in surface water runoff and leaching to groundwater. Historic movement of soil 
and waste material from industrial areas to residential areas has also taken place. 

Contaminant Migration Trends 
Arsenic and Copper. The highest concentrations of arsenic and copper in soils are observed 
in nonresidential soils on and adjacent to ASARCO property. Specifically, the highest 
concentrations are in soils collected around the concentrating operations area, the former 
KS area, and the CF, where arsenic and copper levels are well above background and 
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R-SRLs (Figures 4-2 and 4-3). Two ore dust samples collected below Conveyor 9 showed 
copper concentrations at two to three times the R-SRL and arsenic concentrations slightly 
above background. Elevated arsenic and copper impacts were also observed in the smelter 
vicinity (including the slag dump area), although the extent of sampling was considerably 
less. These data indicate that the current concentrator and smelter facilities, and the former 
KS area, are the most heavily impacted areas of arsenic and copper in soils. The extent of 
impacts on these ASARCO properties was not defined as part of this study, as there are 
several areas where elevated concentrations were detected and perimeter “delineation” 
samples with lower concentrations do not exist.  

The arsenic and lead concentrations in adjacent nonresidential areas and washes are lower 
than concentrations on ASARCO property, but are above background and R-SRLs 
(Figures 4-12 and 4-13). In particular, elevated arsenic and copper levels were found in soils 
in Hayden public areas, the Hayden golf club area adjacent to TPA, and in the upper 
reaches of the washes (PHW, KAW, and SPW). Sampling in lower reaches of these washes, 
south of SR77 and closer to the Gila River, was not conducted as part of this study and, 
therefore, the extent of impacts was not delineated. Sampling in lower elevation areas below 
the slag dump, toward the Gila River, was also not conducted as part of this study and, 
therefore, the extent of slag dump area impacts was not delineated.  

The public areas surrounding the Winkelman School complex do not show elevated arsenic 
and copper concentrations. 

Finally, elevated arsenic and copper concentrations are found in residential areas in 
Hayden, and to a far lesser extent in Winkelman: 

• For arsenic, 95% (94 of 99 samples) of sampled parcels in Hayden, and only 16% (5 of 31) 
of sampled parcels in Winkelman, showed surface soil arsenic UCL concentrations 
above background and R-SRL levels. 

• For copper, 90% (89 of 99 samples) of sampled parcels in Hayden, and only 10% (3 of 31) 
of sampled parcels in Winkelman, showed surface soil copper UCL concentrations 
above background and R-SRL levels.  

The extent of impacts in Hayden residential soils is higher in areas adjacent to active 
concentrator operations and the former KS area. The arsenic and copper concentrations in 
these soils are likely the result of aerial deposition from industrial operations, with some 
discharges and runoff contributions from the concentrator facility and KS areas. 
Contaminated soil fill from industrial areas or operations also contributes to residential 
impacts. Impacts from the smelter facility on residential soils would result primarily from 
aerial deposition, due to the increased distance.  

The subsurface concentrations of arsenic (Figure 4-13) and copper (Figure 4-15), although 
related to surface contamination, are much lower and are further controlled by the 
leachability characteristics of each element discussed above. In Hayden, several subsurface 
soil samples have arsenic and copper concentrations that are above R-SRLs, indicating more 
extensive, deeper impacts. However, in Winkelman, all subsurface soil samples have arsenic 
and copper concentrations below R-SRLs. Contaminated soil fill may account from some of 
the elevated subsurface concentrations 
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Lead. The highest concentrations of lead, with values above the R-SRL, were found in 
samples from the smelter area (including slag dump vicinity) and the former KS area 
(Figure 4-4). Elevated levels were also found in the PCON area, where concentrations were 
below the R-SRL, but considerably above background levels. These data indicate that the 
current concentrator and smelter facilities, and the former KS area, represent a source of 
lead impacts to soils. The extent of impacts on these ASARCO properties was not defined as 
part of this study, as there are several areas where elevated lead concentrations were 
detected and perimeter “delineation” samples with lower concentrations do not exist.  

The lead concentrations in adjacent nonresidential areas and washes are lower than 
concentrations on ASARCO property (Figure 4-4). Concentrations in all samples from these 
areas were below the R-SRL, but many samples showed levels above background. In 
particular, lead levels above background were found in soils in Hayden public areas, the 
Hayden golf club area adjacent to TPA, and in the washes (PHW, KAW, and SPW). 
Sampling in lower reaches of the washes, south of SR77 and closer to the Gila River, was not 
conducted as part of this study and, therefore, the extent of impacts was not delineated.  

The public areas surrounding the Winkelman School complex do not show elevated lead 
concentrations. 

Unlike the arsenic and copper distribution pattern, the highest lead UCL concentrations are 
found in residential areas in Hayden, and to a far lesser extent in Winkelman. About 45% 
(45 of 99 samples) of sampled parcels in Hayden, and 16% (5 of 31) of sampled parcels in 
Winkelman, showed surface soil lead UCL concentrations above the R-SRL.  

Overall, the largest percentage of parcels with lead UCL concentrations above the R-SRL is 
in parcels located near concentrator operations. However, some lead concentrations are 
anomalously high and indicate likely parcel-specific sources such as lead-based paint. Taken 
together, these data indicate that ASARCO operations may be a source of lead, along with 
other sources such as lead-based paint. Lead in these soils that resulted from ASARCO 
sources is likely the result of aerial deposition, with some discharges and runoff 
contributions from the concentrator facility and KS areas. Impacts from the smelter facility 
on residential soils would result primarily from aerial deposition, due to the increased 
distance.  

The subsurface soil concentrations of lead are much lower than surface soil concentrations, 
with seven parcels showing R-SRL exceedances in Hayden, and no exceedances in 
Winkelman.  

4.2 Surface Water  
Surface water samples were collected at 13 locations, including 11 locations along the Gila 
River and two locations along the San Pedro River. The 13 surface water samples were 
collected during two sampling events (Winter and Summer). The samples were analyzed for 
metals, general water quality parameters, and field parameters, and the results are 
presented in Tables 4-12 and 4-13. Figures 4-24 and 4-25 depict the sample locations, and 
also present concentrations for selected parameters.  
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This section presents the sampling results for surface water, including the general chemical 
characteristics and solute concentrations observed along the Gila and San Pedro Rivers, and 
also provides an evaluation of contaminant fate and transport. For purposes of the RI, the 
surface water sample results are compared with the Arizona Aquatic and Wildlife Quality 
Criteria (AAWWQC), which are based on ecological risks, and EPA tap water PRGs, which 
are based on human health risks.  

As part of the evaluation of surface water results, histograms were prepared to present the 
water quality results. A histogram graphically presents results for various groups of data for 
a given sample, using stacked rectangles to depict the concentrations. For this study, the 
histograms are displayed together on figures, organized from upstream to downstream 
sample location. Each figure allows for a visual comparison of concentrations for each 
analyte group at locations that are upstream, adjacent to, and downstream of ASARCO 
operations. Figures 4-26 through 4-34 present the surface water histograms for the selected 
analyte groups.  

A detailed evaluation of ecological impacts resulting from surface water concentrations is 
presented in the companion SLERA report, as summarized in Section 5.2. 

4.2.1 Background Surface Water  
A thorough evaluation of background surface water quality was beyond the scope of the RI. 
However, locations GR-SW-01 and GR-SW-02 are located along the Gila River upstream of 
ASARCO operations, while SPR-SW-01 is located at the San Pedro River, south of 
Winkelman, and also upstream of ASARCO operations (see Figures 4-24 and 4-25). Hence, 
these sample locations are not considered to be affected by ASARCO operations and are 
deemed background locations for the purpose of this investigation. The background surface 
water sampling results for the two Gila River sample locations (GR-SW-01 and GR-SW-02) 
indicate the following: 

• The water’s pH is circum-neutral to slightly alkaline, ranging from 7.26 to 7.99 and does 
not vary seasonally. 

• The water is fully oxygenated, with dissolved oxygen (DO) concentrations fluctuating 
seasonally between 8.58 mg/L in the Summer event and 11.57 mg/L in the Winter 
event.  

• The electrical conductivity values are approximately 1.0 milliSiemens per centimeter 
(mS/cm), with very little variance during sampling events. 

All metal concentrations but arsenic are below AAWWQC and EPA PRG criteria. Total and 
dissolved arsenic concentrations are well below AAWWQC, but exceed the PRG criteria of 
0.045 micrograms per liter (µg/L), with concentrations ranging from 2.5 µg/L to 7 µg/L. 
The arsenic concentrations in the Summer event samples were about twice the levels found 
in the Winter event samples. Total copper concentrations in GR-SW-01 and GR-SW-02 
ranged from 4.9 µg/L to 15.4 µg/L, with concentrations 3 to 4 times higher in the Summer 
event relative to the Winter event. Total lead concentrations in GR-SW-01 and GR-SW-02 
ranged from 0.68 µg/L to 4.6 µg/L, with concentrations several times higher in the Summer 
event relative to the Winter event. Concentrations for most other metals were also higher in 
the Summer event relative to the Winter event.  
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The background surface water sampling results for the San Pedro River sample location 
(SPR-SW-01) indicate the following: 

• The water’s pH is slightly alkaline (around 8.0) and does not vary seasonally. 

• The water is fully oxygenated, with DO concentrations fluctuating seasonally between 
8.99 mg/L in the Summer event and 11.12 mg/L in the Winter event.  

• The San Pedro River appears to have higher solute concentrations than the Gila River, 
with electrical conductivity values of 1.33 mS/cm in the Winter event and 1.71 mS/cm 
in the Summer event. 

• All metal concentrations but arsenic are below AAWWQC and EPA PRG criteria. The 
total and dissolved arsenic concentrations are well below AAWWQC, but exceed PRG 
criteria with concentrations ranging from 5.2 µg/L to 8.5 µg/L, with higher 
concentrations in the Summer event relative to the Winter event. Total copper 
concentrations were 8.8 µg/L and 34.0 µg/L in the Winter and Summer event, 
respectively. Total lead concentrations were 0.14 µg/L and 24.3 µg/L in the Winter and 
Summer event, respectively. Concentrations for most other metals were also higher in 
the Summer event relative to the Winter event.  

Of all 21 metals that were analyzed, eight metals (arsenic, barium, chromium, copper, lead, 
molybdenum, selenium, and zinc) occur in higher concentrations in the upgradient 
San Pedro River sample than the upgradient Gila River samples during both Winter and 
Summer sampling events. During the Summer event, all metals except aluminum had 
higher concentrations in the upgradient San Pedro River sample than in the upgradient Gila 
River samples, while only iron and vanadium concentrations were higher in the Gila River 
samples during the Winter sampling event. Although the metals concentrations are 
generally higher in the San Pedro river water, the net contributions to concentrations in the 
Gila River are expected to be relatively low because of the considerably higher flow rate in 
the Gila River.  

4.2.2 General Chemistry Parameters in Vicinity of and Downstream of 
ASARCO Site 

As depicted on Figures 4-24 and 4-25, sampling locations GR-SW-03 through GR-SW-07, 
and SPR-SW-02, are located in the vicinity of ASARCO facilities. Sampling locations 
GR-SW-06 and GR-SW-07 are located between TPA and TPD. Sampling locations GR-SW-08 
through GR-SW-11 are located farther downstream of ASARCO operations, beyond the 
tailings impoundments. Figure 4-26 presents the histograms for general chemistry 
parameters for all samples. 

The sampling results for general water quality parameters at locations close to and 
downstream of ASARCO operations indicate the following (Figure 4-24 and Table 4-12):  

• The pH values in the Gila River samples, with exception of GR-SW-04, are slightly more 
alkaline than background levels with pH values generally above 8.0.  



4.0 REMEDIAL INVESTIGATION RESULTS 

4-26 ES022008005PHX 

• The DO values are relatively unchanged compared to background levels, with 
concentrations generally in the 11-12 mg/L range in Winter, and 8-10 mg/L range in 
Summer.  

• The electrical conductivity values in the Gila River slightly increase in the vicinity and 
downstream of ASARCO operations, with higher levels in the Summer event with 
higher flows relative to the Winter event.  

The chemical characteristics at GR-SW-04 are anomalous compared to the other sampling 
stations located downstream of ASARCO operations. The temperature, turbidity, and total 
suspended solids (TSS) levels were much lower at this sampling location compared to all 
other locations (especially during the Winter event), which may indicate increased 
groundwater discharge within the area of this surface water location.  

4.2.3 Inorganic Results in Vicinity of and Downstream of ASARCO Site 
Elevated concentrations of several analytes were clearly evident at the two Gila River 
sampling locations (GR-SW-06 and GR-SW-07) located between the tailings impoundments , 
compared to other upstream and downstream locations, as indicated on the histograms 
(Figure 4-27 through Figure 4-34). The total and dissolved concentrations of aluminum, 
arsenic, barium, beryllium, calcium, cadmium, chromium, cobalt, copper, iron, lead, 
magnesium, manganese, nickel, potassium, sodium, thallium, vanadium, and zinc as well as 
total mercury, molybdenum, selenium, and silver, were generally higher in these two 
samples than in other Gila River samples. These elevated concentrations were most 
pronounced in samples collected in the Summer sampling event. Although no Winter 
sample event samples exceeded AAWWQC or PRG levels (with the exception of arsenic), 
several exceedances were noted in the Summer event samples at GR-SW-06 and/or 
GR-SW-07 only, and these levels were also considerably above background levels measured 
in GR-SW-01 and GR-SW-02: 

• Total aluminum (62,000 µg/L in GR-SW-06 and 52,800 µg/L in GR-SW-07 [duplicate]) 
exceeded the PRG of 36,000 µg/L 

• Total arsenic (16.8 µg/L in GR-SW-06 and 13.9 µg/L in GR-SW-07 [duplicate]) exceeded 
the PRG of 0.045 µg/L 

• Total cyanide (16.2 µg/L in GR-SW-07 [duplicate]) exceeded the AAWWQC of 9.7 µg/L 

• Total iron (34,500 µg/L in GR-SW-06 and 31,500 µg/L in GR-SW-07 [duplicate]) 
exceeded the PRG of 11,000 µg/L 

• Total manganese (3,450 µg/L in GR-SW-06 and 2,510 µg/L in GR-SW-07) exceeded the 
PRG of 880 µg/L 

• Total selenium (2.0 µg/L in GR-SW-06) equaled the AAWWQC of 2 µg/L 

• Total vanadium (56.6 µg/L in GR-SW-06 and 49.2 µg/L in GR-SW-07) exceeded the PRG 
of 36 µg/L 

• Dissolved copper (43.5 µg/L in GR-SW-06 and 29.9 µg/L in GR-SW-07), which exceeded 
the AAWWQC of 18 µg/L 
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• Dissolved lead (27.7 µg/L in GR-SW-06 and 11.6 µg/L in GR-SW-07), which exceeded 
the AAWWQC of 6 µg/L, and 

• Dissolved mercury (0.076 µg/L in GR-SW-06 and 0.068 µg/L in GR-SW-07), which 
exceeded the AAWWQC of 0.01 µg/L (background dissolved mercury concentrations, 
as measured in GR-SW-01 and GR-SW-02 during the Summer event, had detection limits 
above AAWWQC) 

Surface water samples from the San Pedro River location SPR-SW-02 displayed higher 
concentrations for some analytes as compared to Gila River sampling locations. Total and 
dissolved arsenic, barium, boron, calcium, chromium, cobalt, iron, magnesium, 
molybdenum, nickel, potassium, selenium, and sodium, total copper, lead, and silver, and 
dissolved manganese, vanadium, and zinc were generally greater in San Pedro River 
samples relative to Gila River samples. Dramatic seasonal differences in concentrations in 
the San Pedro River samples were evident through analytes such as aluminum, barium, 
iron, and manganese, which were higher during the Summer sampling event, although 
analytes like magnesium and sodium were higher during the Winter sampling event. These 
elevated levels in the San Pedro River samples may result from lower flow conditions 
relative to the Gila River, resulting in less dilution and, therefore, higher concentrations of 
these metals. 

Despite the increased concentrations observed in the San Pedro River samples and in Gila 
River samples GR-SW-06 and GR-SW-07, the downgradient samples (GR-SW-08 through 
GR-SW-11) did not show AAWWQC or PRG exceedances (with the exception of arsenic). 

4.2.4 Surface Water Flow Data 
Surface water flow data were obtained to help evaluate the surface water solute 
concentration results. Monthly and daily mean discharge data were obtained from the two 
closest USGS gauging stations along the Gila River to further characterize Site conditions 
during the Winter and Summer sampling events. The Coolidge gauging station, located 
approximately 45 kilometers upstream of the Site, measures discharge released from the 
Coolidge Dam into the Gila River. The Kelvin station, located approximately 28 kilometers 
downstream of the confluence of the Gila and San Pedro Rivers, measures flows through the 
reach downstream of the Site.  

As shown on Figure 4-35, which presents the monthly mean daily flow per month for the 
period of 1911 to 2006, discharges reported at the Kelvin station are typically higher than 
those reported at the Coolidge station for most monthly periods. However, this relationship 
is variable and is dependant on the contribution from stormwater and groundwater 
recharge along this reach of the Gila River and the San Pedro River within the study area. 
The flows at the two stations were closest between April and June 2006, indicating that dam 
releases are nearly the only source of flow (relative to groundwater discharge) during this 
typically dry period. The flow at the Kelvin station is considerably higher between January-
March (winter rainy season) and July-October (summer monsoon period), during which 
period contributions from the Coolidge Dam are typically reduced.  

As shown on Figure 4-36, which presents the mean daily flows at the Coolidge and Kelvin 
stations for the period of January-October 2006, the flows are nearly equal from January-
June 2006, which indicates that Coolidge Dam discharges were the dominant source of 



4.0 REMEDIAL INVESTIGATION RESULTS 

4-28 ES022008005PHX 

water during the Winter sample event (conducted in March 2006). From June-September 
2006, the Kelvin discharge rate was considerably higher than that measured at Coolidge 
Dam, which reflects the summer monsoon rain events. 

Specifically, during the Winter sampling event, the mean discharges at the Coolidge and 
Kelvin stations were 249 cfs and 240 cfs, respectively. These discharges were much lower 
than the mean daily discharges observed for the month of March during the previous 
95 years (1911 to 2006), which were 512 cfs and 721 cfs, respectively. During the Summer 
sampling event, the mean discharges at the Coolidge and Kelvin stations were 
approximately 400 cfs and 1,100 cfs, respectively. These discharges were slightly lower at 
the Coolidge station and higher at the Kelvin station than the mean daily discharges 
observed for the month of August during the previous 95 years (1911 to 2006), which were 
547 cfs and 844 cfs, respectively.  

Precipitation data was obtained for the two gauging stations and plotted with mean daily 
flow for the period 1996-2006 (Figure 4-37). The figure demonstrates that some periods of 
increased flow are associated with precipitation events. 

Samples collected from the Summer sampling event show higher metals and total 
suspended solids (TSS) levels than samples collected from the Winter event, which would 
be expected during increased surface water flow events, from local rain flushing 
contaminants into the surface water. 

4.2.5 Fate and Transport 
This section provides a brief review of contaminant sources, pathways, and receptors as 
related to surface water impacts. 

In general, the metals concentrations in the Summer event samples are higher than the 
Winter event samples. These two rounds of sampling results indicate that there may be 
significant variability in surface water quality, and data from additional sampling events 
would allow for more complete characterization of ASARCO impacts on surface water 
quality. As indicated on Table 4-12, the following metals were found in Summer event 
samples at levels above AAWWQC and/or PRGs in samples GR-SW-06 and GR-SW-07, 
located between the tailings impoundments: 

• Aluminum 
• Arsenic 
• Copper 
• Iron 
• Manganese 
• Lead 
• Vanadium 

Selenium is not included in the list because of its presence in only one sample (GR-SW-06) 
and because the concentration equals but does not exceed the PRG. Mercury is not included 
because even though dissolved mercury exceeded AAWWQC in GR-SW-06 and GR-SW-07, 
background levels were not established because of elevated detection limits in GR-SW-01 
and GR-SW-02.  
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Most of the constituents listed above are commonly associated with copper mining and 
processing activities, but can also occur naturally in aquifers and hydraulically connected 
surface waters of semiarid desert regions. Most of these constituents were also found in 
elevated levels in monitoring wells completed in the bedrock and Gila River alluvial 
aquifers. The identification of specific sources of these impacts was beyond the scope of this 
RI. The tailings impoundments, however, are a likely source of iron and manganese impacts 
to surface water as well as groundwater, as indicated by elevated concentrations in H-1 and 
H-2A, downgradient of TPA (see Section 4.4).  

Behavior of inorganics in a river environment is complex. Inorganics can be in the 
particulate-sorbed or dissolved phases in surface waters. Interchange between sorbed trace 
metal ions and dissolved metal ions, occurs via sorption/desorption mechanisms. Within 
the dissolved phase, metals can be complicated with a number of different ligands in natural 
waters. Likewise, metal ions can be sorbed onto both mineral and organic suspended 
sediment. Bed sediments can be scoured and thereby enter the surface water column. 
Suspended solids can undergo sedimentation and be deposited on the bed sediments. Metal 
ions in pore water of sediments can diffuse to the overlying water column and vice versa.  

Discharges from the tailings impoundments into the Gila River is evident from the Winter 
and Summer sampling results at sampling locations GR-SW-06 and GR-SW-07, due to the 
exceedance of water quality standards. The total inorganic concentrations are higher than 
the dissolved inorganic concentrations for most analytes, which indicates that the 
suspended solids loading accounts for the higher levels. Most inorganic concentrations, 
furthermore, undergo rapid dilution downstream of the tailings impoundments, as 
indicated by reduced concentrations at GR-SW-08, GR-SW-09, GR-SW-10, and GR-SW-11.  

The companion SLERA (Volume 3 of the RI Report) includes a detailed evaluation of 
ecological exposures to these inorganic constituents. Regarding human health exposures, 
surface water recharge to the groundwater may occur during the year, especially during dry 
periods when the water table is reduced and base flow contributions to surface water are 
minimal. Therefore, elevated concentrations in surface water, particularly of dissolved 
inorganic constituents, may have an adverse impact on aquifer water quality. However, 
because dissolved inorganic constituent concentrations are relatively low, the impact of 
surface water on groundwater and local drinking water supplies is expected to be 
relatively low.  

4.3 Sediments 
Three types of sediment samples were collected for the purpose of this RI. At each sample 
location, an in-stream, stable riparian, and unstable riparian sediment sample were collected 
(Figures 4-38 and 4-39). The in-stream sediment samples were collected within the currently 
flowing river bed. The unstable riparian samples were collected on the adjacent flood plain 
of the current river channel, while the stable riparian samples were collected at the adjacent, 
more stable area above the stable riparian sample location. 

In-stream sediment samples were collected at 11 locations along the Gila River and 
two locations along the San Pedro River. The in-stream sediment samples were collected 
concurrently with the surface water samples during two sampling events: Winter (March 7 
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and 8, 2006) and Summer (August 22 and 23, 2006). Sediment samples were also collected in 
both stable and unstable riparian habitat in the nearest suitable location adjacent to the 
in-stream sediment locations. Five additional biased locations in the Gila River floodplain 
(between the confluence of the San Pedro River and Last Chance Basin) were selected for 
collection of stable and unstable riparian sediment samples. Finally, one additional 
upstream Gila River location was selected for collection of background stable and unstable 
riparian sediment samples. The in-stream riparian sediment samples were analyzed for 
metals, and results are presented in Tables 4-15 and 4-16, respectively. Figures 4-38 and 4-39 
depict the in-stream sediment and riparian sample locations, respectively, and also present 
concentrations for selected parameters.  

As part of the evaluation of the sediment results, histograms were prepared for various 
groups of data for a given sample, using stacked rectangles to depict the concentrations. For 
this study, the histograms are displayed together on figures, organized from upstream to 
downstream sampling location. Each figure allows for a visual comparison of 
concentrations for each analyte group at locations that are upstream, adjacent to, and 
downstream of ASARCO operations. Figures 4-40 through 4-43 present the in-stream 
sediment histograms, and Figures 4-44 through 4-47 present the riparian sediment sample 
histograms, for the selected analyte groups.  

A detailed evaluation of ecological impacts resulting from sediment concentrations is 
presented in the companion SLERA report, as summarized in Section 5.2. 

4.3.1 Background Sediment Samples 
A thorough evaluation of background sediment quality was beyond the scope of the RI. 
However, sampling locations GR-SED-01, GR-SED-02, GR-REF, and SPR-SED-01 are located 
upstream of ASARCO operations. In-stream and riparian sediment samples were collected 
from GR-SED-01, GR-SED-02, and GR-REF (riparian sediment samples only) along the Gila 
River, and SPR-SED-01 along the San Pedro River, south of Winkelman (Figures 4-38 and 
4-39). Sediments from these locations are not considered to be affected by ASARCO 
operations and, therefore, are considered background sediment concentrations for the 
purposes of this investigation. However, GR-SED-01 and GR-SED-02 samples may be 
affected by ASARCO stack emissions from Hayden that blew into drainages to the northeast 
from the facilities. 

From the two in-stream sediment sample locations GR-SED-01 and GR-SED-02, the 
maximum concentrations of arsenic (4.4 mg/kg), iron (28,800 mg/kg), manganese 
(2,270 mg/kg), and vanadium (91.2 mg/kg) exceeded the Arizona R-SRL and/or EPA PRG 
criteria, while only arsenic (maximum 2.6 mg/kg) exceeded these criteria from the upstream 
San Pedro River location SPR-SED-01. For upstream Gila River in-stream sediment samples 
GR-SED-01 and GR-SED-02, the maximum concentrations for other metals of concern, 
including copper (191 mg/kg), lead (11.7 mg/kg), and chromium (14 mg/kg) are well 
below R-SRL and/or PRG criteria, and slightly lower concentrations for these metals are 
observed in the upstream San Pedro River sediment sample SPR-SED-01 (Figure 4-38 and 
Table 4-14).  

Similar results were found in the upstream riparian sediment sample locations GR-REF-01, 
GR1-01, and GR2-01. From these samples, the maximum concentrations of arsenic 
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(4 mg/kg), iron (27,200 mg/kg), and vanadium (83.1 mg/kg) exceeded the Arizona R-SRL 
and/or EPA PRG criteria, while only arsenic (maximum 2.4 mg/kg) exceeded these criteria 
from upstream San Pedro River location SPR-SED-01. The maximum concentrations for 
other metals of concern were higher than those found in in-stream sediment samples, 
including copper (1,150 mg/kg), lead (32.8 mg/kg), and chromium (16.8 mg/kg), although 
these levels are still below R-SRL and/or PRG criteria (Figure 4-39 and Table 4-15). 

The presence of elevated concentrations of some metals in upstream sediment samples 
likely results from contributions from other side drainages to the Gila River. 

4.3.2 In-stream Sediment in Vicinity of and Downstream of ASARCO 
Operations 

As depicted on Figure 4-38, in-stream sediment sample locations GR-SED-03 through 
GR-SED-07, and SPR-SED-02, are located in the vicinity of ASARCO facilities. Sampling 
locations GR-SED-06 and GR-SED-07 are located between TPA and TPD. Sampling locations 
GR-SED-08 through GR-SED-11 are located farther downstream of ASARCO operations, 
beyond the tailings impoundments. Figures 4-40 through 4-43 presents the histograms for 
selected analyte groups. 

The sampling results for in-stream sediment samples in the vicinity of and downstream of 
ASARCO operations indicate the following (results presented below are the highest from 
among the Winter and Summer sample events): 

• Arsenic concentrations are in the range of 1.1 mg/kg to 5 mg/kg, consistent with levels 
found in the upstream samples, and do not show a marked increase adjacent to 
ASARCO operations. 

• Iron concentrations are above the PRG in GR-SED-07 (24,700 mg/kg), GR-SED-08 
(26,300 mg/kg), and GR-SED-11 (23,800 mg/kg), but these levels are consistent with 
those found in upstream samples. 

• Manganese concentrations are above the PRG in GR-SED-03 (2,410 mg/kg), but this 
level is consistent with upstream samples. 

• Vanadium concentrations are lower than the maximum concentration in the upstream 
sediment samples. 

• Copper concentrations show small relative increases in samples collected near and 
downgradient of the tailings impoundments (GR-SED-07 and GR-SED-08), but 
concentrations are generally consistent with those found in upstream samples. 

• Lead and chromium concentrations show small relative increases in samples collected 
adjacent to and downgradient of ASARCO operations (GR-SED-06 through GR-SED-11), 
but concentrations are not significantly above those found in upstream samples. 

• The variability in concentrations between the Winter and Summer sample events are 
mixed for Gila River sediment samples, whereas samples from the San Pedro River 
show a general increasing trend in the Summer sample event. 
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• Vanadium 

With few exceptions, analyte concentrations within in-stream sediment samples from the 
San Pedro River exhibited generally lower concentrations than those obtained from Gila 
River sampling locations. Large seasonal variations were also evident among the San Pedro 
River samples. 

4.3.3 Riparian Sediment from Locations in Vicinity of and Downstream of 
ASARCO Operations 

As depicted on Figure 4-39, the stable and unstable riparian sediment sample locations 
GR-03 through GR-07, and SPR-02, are located near ASARCO facilities. Sampling locations 
GR-06, GR-07, and GR-12 through GR-16 are located between TPA and TPD. Sampling 
locations GR-08 through GR-11 are located farther downstream of ASARCO operations, 
beyond the tailings impoundments. Figures 4-44 through 4-47 presents the histograms for 
selected analyte groups. 

The sampling results for the stable and unstable riparian sediment samples in the vicinity of 
and downstream of ASARCO operations indicate the following: 

• Arsenic concentrations are in the range of 1.2 mg/kg to 7.5 mg/kg, which are slightly 
above levels found in the upstream sediment samples. 

• Iron and manganese concentrations are below the PRG in all samples, which are, 
therefore, below levels found in upstream sediment samples. 

• Vanadium concentrations are lower than the maximum concentration in the upstream 
sediment samples. 

• The highest copper, lead and chromium concentrations are in GR3-01S, but 
concentrations in other downstream sediment samples are generally below levels found 
in upstream sediment samples. 

• Stable riparian sediments in the San Pedro River (SPR2-01S) metal concentrations did 
not exceed background (SPR1-01S) concentrations, except for aluminum, barium, and 
sodium. For unstable riparian sediments, San Pedro River sample location SPR-2-01U, 
shows slightly higher trace element concentrations than the reference upstream location 
(SPR1-01U) for several metals. 

Arsenic is the only analyte that exceeds the Arizona R-SRL and EPA PRG criteria for soils in 
stable and unstable riparian sediments at all downstream locations.  

4.3.4 Fate and Transport 
This section provides a brief review of contaminant sources, pathways, and receptors as 
related to sediment impacts. 

The following metals were found at levels above R-SRLs and PRGs in in-stream and/or 
riparian sediment samples: 

• Arsenic 
• Iron 
• Manganese 

Comment [a1]: Does this change any of 
the following sentences? 
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The following sections present the results from monitoring well, production well, and 
drinking water tap locations. The focus of the discussion in the following sections is on 

Most of the con
processing activities, but can also occur naturally in aquifers and hydraulically connected
surface waters of semiarid desert regions. Most of these constituents were also found in 
elevated levels in monitoring wells completed in the bedrock and Gila River alluvial 
aquifers. The identification of specific sources of these impacts was beyond the scope of t
RI. The tailings impoundments, however, are a likely source of iron and manganese impacts 
to surface water and sediment, as well as groundwater, as indicated by elevated 
concentrations in H-1 and H-2A, downgradient of TPA (see Section 4.4).  

As described in Section 4.2, behavior of inorganics in a river environment 
Because of metal’s ability to be transported in and out of river sediments, dissolve into
water column, and undergo sedimentation processes, inference of the initial and final 
deposition is difficult. In general, however, increased concentrations of inorganic 
constituents were found in downstream sediment samples relative to upstream sedime
samples. The presence of elevated concentrations of some metals in upstream sediment 
samples likely results from contributions from other side drainages to the Gila River and 
could be from smelter air emissions settling to the ground and washing into surface water

The companion HHRA document (Volume 2) describes the expected impact of surface 
water and sediment on human health, under possible exposure scenarios. The compani
SLERA document (Volume 3) includes a detailed evaluation of ecological exposures to thes
inorganic constituents.  

This section discusses the results 
August/September 2006 (Summer) groundwater sampling and water level m
events. The results of all laboratory analyses completed are shown in Tables 4-16 through 
Table 4-27. The water level measurements used to prepare groundwater elevation contour
maps are in Table 4-28. This section details the results and concentrations exceeding the EP
primary or secondary maximum contaminant level (MCL) and tap water PRGs for 
groundwater in the monitoring wells, production wells, and drinking water taps, and also 
provides an evaluation of contaminant fate and transport.  

4.4.1 Background Groundwater Quality  
A back und groundwater quality study was not 
identified upgradient well from ASARCO operations (H-7) was sampled in August 2006 
(Figure 2-3). The concentrations in H-7 exhibit the highest concentrations of arsenic 
(231 µg/L) and vanadium (598 µg/L) compared to all other wells sampled during the RI, 
and also showed elevated gross alpha (16.4 picocuries per liter [pCi/L]). The concentratio
of these parameters are all above the MCL. Therefore, H--7 cannot be considered a 
representative well for background concentrations. A detailed background study would be 
needed to further assess background concentrations. 

4.4.2 Groundwater Quality Results 
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Figures 4-48 and 4-49 depict the sample location maps with drinking water exceedances
both the Winter and Summer sampling events, respectively.  

4.4.2.1 Monitoring Well Sample Results.  
The 22 monitoring wells selected for sampling included the ASARCO-owned H- series wells
(H-1 through H-11), ARU-1 and -8, MW-2 and -4, S-4A, SM-2

d wells GW-01(R), -02, -03, and -0
A, wells H-7, SM-2, GW-01, and GW-02 were not sampled during the Winter sampling 
event. Furthermore, not all monitoring wells were sampled for all the analyte suites. 
However, when a monitoring well was sampled during both sampling events, the samples 
were analyzed for the same suites during each event. The results are divided into five 
categories: 

• Inorganics: Total and Dissolved Metals; 
• VOCs and SVOCs; 
• Total pe
• Radiochemistry; and  

ry. • General geochemist

Inorganics: Total and Dissolved Metals. All
total and dissolved metals
co centrations exceeding th
alphabetical order) aluminum, antimony, arsenic, cadmium, iron, manganese, molybdenum
selenium, uranium, and vanadium. For each analyte, the monitoring wells with exceedances 
of either target criteria are listed below for Winter and Summer individually (see Table 4-16
for the full analyte list results and Table 4-27 for exceedances). 

Winter 

• Total and dissolved aluminum (secondary MCL is 50 µg/L and PRG is 36,000 µg/L). For
total aluminum, the maximum concentration was observed i
follo
GW-03: Dup (52 µg/L). For dissolved aluminum, the maximum concentration was 
observed in GW-06 (260 µg/L), followed by LC-1 (66 µg/L). No aluminum 
concentrations exceeded the PRG. 

Total and dissolved arsenic (PRG is 0.045 µg/L and MCL is 10 µg/L): All of the tota
arsenic concentrations exceeded the PRG, but only two exceeded the MCL : H
(16 µg/L) and ARU-8 (13 µg/L). All 
PRG, but only ARU-8 (12 µg/L) exceeded the MCL. 

Total and dissolved iron (secondary MCL is 300 µg/L and PRG is 11,000 µg/L): For t
iron, the maximum concentration was observed in MW-4 (1,800 µg/L), followed by 
GW--06 (1,600 µg/L), ARU-1 (1,400 µg/L), H-4 (1,300
(910 µg/L), H-2A (820 µg/L), and H-3 (780 µg/L). For dissolved iron, the maximum 
concentration was observed in H-1 (950 µg/L), followed by H-2A (840 µg/L). No iron 
concentrations exceeded the PRG. 
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No concentrations of total aluminum exceeded the PRG. None of the monitoring wells 
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concentrations exceeded the PRG.  
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W-02 (34.4 µg/L), LC-1 (21.9 µg/L), and ARU-8 
(10 µg/L). All of the dissolved arsenic concentrations exceeded the PRG, but only three 
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Total and dissolved manganese (secondary MCL is 50 µg/L and PRG is 880 µg/L): Fo
total manganese, the maximum concentration was observed in H-2A (7,200 µg/L), 
followed by H-1 (6,500 µg/L), H-5 
(300 µg/L), H-4 (270 µg/L), GW-06 (91 µg/L), LC-1 (80 µg/L), and ARU-1 (77 µg/L). For 
dissolved manganese, the maximum concentration was observed in many of the same 
wells, specifically in H-2A (7,300 µg/L), followed by H-1 (6,700 µg/L), H-5 (820 µg/L), 
H-9 (450 µg/L), and H-10 (68 µg/L). Concentrations of both total and dissolved 
manganese exceeded the PRG in H-2A and H-1. 

Molybdenum (PRG is 180 µg/L): The only monitoring well with an exceedance was 
LC-1, with a total molybdenum concentration of 510 µg/L and a dissolved molyb
concentration of 540 µg/L. 

• Total and dissolved selenium (MCL is 50 µg/L and PRG is 180 µg/L): For total 
selenium, the maximum concentration was observed in LC-1 (480 µg/L), followed by 
H--8 (100 µg/L), H-9 (56 µg/
maximum concentration was observed in LC-1 (500 µg/L), followed by H-8 (100 µg/L
and H-9 (57 µg/L). Concentrations of both total and dissolved selenium exceeded the 
PRG in LC-1 only. 

Total and dissolved uranium (PRG is 7.3 µg/L and MCL is 30 µg/L): For total uranium, 
the maximum concentration was observed in H-3 (21 µg/L), followed by H-9: Dup 
(9.8 µg/L), H-4 (8.5

(8.5 µg/L). No uranium concentrations exceeded the MCL.  

Total and dissolved vanadium (PRG is 36 µg/L): For total vanadium, the maximum 
concentration was observed in H-8 (70 µg/L), followed by MW-4 (49 µg/L), LC-1 
(48 µg/L), and GW-06 (39 µg/L). For dissolved vanadium, th

mer 

Total and dissolved aluminum (secondary MCL is 50 µg/L and PRG is 36,000 µg/L): For 
total aluminum, the maximum concentration was observed in GW-01(R) (29,900 
follow

had dissolved aluminum concentrations exceeding the MCL or PRG. 

Total and Dissolved Antimony (MCL is 6 µg/L and PRG is 15 µg/L): The only 
monitoring well with an exceedance was GW-02, with a total antimony concentration of
9.2 µg/L and a dissolved antimony concentration of 10.4 µg/L. No ant

Total and dissolved arsenic (PRG is 0.045 µg/L and MCL is 10 µg/L): All of the total 
arsenic concentrations exceeded the PRG, but only five exceeded the MCL, includ
H-7 (231 µg/L), SM-2 (43.7 µg/L), G

exceeded the MCL, including H-7 (199 µg/L), followed by GW-02 (31.7 µg/L), and SM
(12.9 µg/L). 
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Total and dissolved iron (secondary MCL is 300 µg/L and PRG is 11,000 µg/L): For t
iron, the maximum concentration was observed in GW-01(R) (22,400 µg/L), followed by
LC-1 (4,130 µg/L), MW-2 (3,130 µg/L), MW-4 (2,810 µg/L), SM-2 (1,780 µg/L), ARU-1 
(780 µg/L), H
dissolved iron, the maximum concentration was observed in H-1(487 µg/L), followed by 
H-2A (374 µg/L) and H-5 (373 µg/L). 

Cadmium (MCL is 5 µg/L and PRG is 18 µg/L): The only monitoring well with an 
exceedance was GW-02, with a total cadmium concentration of 9.2 µg/L and a dissolved 
cadmium concentration of 8.1 µg/L. No cadmium concentrations exceeded the PRG. 

Total and dissolved manganese (secon
total manganese, the maximum concentration was observed in H-1 (7,330 µg/L), 
followed by H-2A (5,250 µg/L), H-5 (2,190 µg/L), GW-01(R) (1,030 µg/L), H-10 (767 
µg/L), H-9: Dup (492 µg/L ), H-9 (485 µg/L), SM-2 (55.6 µg/L), ARU-1 (51.1 µg/L), H
(75.1 µg/L), LC-1 (74.9 µg/L), SM-2 (55.6 µg/L), and ARU-1 (51.1 µg/L). For dissolved 
manganese, the maximum concentration was observed in H-1 (7,250 µg/L), followed by
H-2A (5,150 µg/L), H-5 (2,190 µg/L), H-9: Dup (353 µg/L), H-9 (344 µg/L), GW-01(R
(298 µg/L), and H-10 (154 µg/L). Concentrations of both total and dissolved manganese 
exceeded the PRG in H-1, H-2A, and H-5. 

Total and dissolved molybdenum (PRG is 180 µg/L): For total molybdenum, the 
maximum concentration was observed in GW-02 (2,050 µg/L), followed by LC-1 
(517 µg/L), SM-2 (426 µg/L), and H-8 (300 µg/L). For dissolved molybdenum, the 
maximum concentration was observed in GW-02 (2,
(533 µg/L), SM-2 (394 µg/L), and H-8 (259 µg/L). 

Total and dissolved selenium (MCL is 50 µg/L and PRG is 180 µg/L): For total 
selenium, the maximum concentration was observed in LC-1 (781 µg/L), followed by 
GW-02 (92.2 µg/L), MW-4 (58.4 µg/L), and SM-2 (56.1 µg/L). For dissolved seleni
the maximum concentration was observed in LC-1
(97.2 µg/L), MW-4 (58.2 µg/L), and SM-2 (52.8 µg/L). Concentrations of both to
dissolved selenium exceeded the PRG in LC-1 only. 

Total and dissolved vanadium (PRG is 36 µg/L): For total vanadium, the maximum 
concentration was observed in H-7 (598 µg/L), followed by GW-01(R) (90 µg/L), MW
(63.4 µg/L), H-8 (60.7 µg/L), MW-2 (56 µg/L), LC-1 (53.4 µg/L), H-9 (48.1 µg/L), H-9: 
Dup (47.8 µg/L), and GW-06 (47.6 µg/L). For dissolv
concentration was observed in H-7 (505 µg/L), followed by GW-01(R) (46.2 µg/L), H-8 
(45 µg/L), MW-4 (41.2 µg/L), LC-1 (40.5 µg/L), and GW-06 (36.5 µg/L). 

Cs, and SVOCs. Samples from a total of seven monitor monitoring wells were analyzed 
VOCs and SVOCs to evaluate impacts from ASARCO operations. Of the monitorin
lls sampled for VOCs and SVOCs, only four wells had analyte concentrations exceeding 
 MCLs and/or PRGs. The VOCs with concentrations exceeding PRGs are 

1,2-dibromoethane, bromodichloromethane, chloroform, tetrachloroethene (PCE), and 
trichloroethene (TCE). The only SVOC with a concentration exceeding its PRG was 
bis(2-ethylhexyl) phthalate. The concentrations exceeding the standards are presented for 
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each monitoring well for both the Winter and Summer sampling events in Tables 4-17, 
Table 4-18, and Table 4-27. 

• GW-01(R) had a concentration of the VOC bromodichloromethane of 0.25 µg/L (above
PRG of 0.18 µg/L) and chloroform of 2.9 µg/L (above the PRG of 0.17 µg/L) during the
Summer sampling event (we

• GW-06 had concentrations for the VOC bromodichloromethane of 0.46 µg/L and 
0.51 µg/L (above PRG of 0.18 µg/L) during the Winter and Summer sampling events, 
respectively. GW-06 had chloroform concentrations of 2.4 (above PRG of 0.17 µg/L
PCE concentrations of 0.39 µg/L and 0.36 µg/L (above PRG of 0.1 µg/L, but below
of 5 µg/L) during the Winter 2006 and Summer 2006 sampling events, respectively. Th
monitoring well also had a TCE concentration of 0.13 µg/L (above the PRG of 
0.028 µg/L, but below the MCL of 5 µg/L).  

H-11 had a concentration of the VOC 1,2-dibromoethane of 0.052 µg/L (above the MCL 
of 0.05 µg/L and PRG of .0056 µg/L) during the Summer sampling event. 

• MW-4 was the only well with an SVOC exceedance, which was a concentration of bis-
2-ethylhexylphthalate of 28 µg/L and 8.7 µg/L (above the MCL of 6 µg/L) during the 
Winter and Summer sampling events, respectively. 

• Note that the reporting limit for some VOCs and SVOCs is above the drinking water 
standards, and these reporting limits are noted in Tables 4-17, 4-18, and 4-27. 

TPH. The analysis for TPH was limited to three monitoring wells, GW-01(R), GW-02, and 
G -06 as presented in Table 4-19. During the Summer sampling event, TPH as diesel wa

ected in GW-01R at 330 µg/L, and TPH as gasoline was detected in GW-06 at 3
There is no MCL or PRG for these TPH analyte groups.  

General Geochemistry. All monitor monitoring well samples were analyzed for general 
water quality parameters to evaluate differences in overall water quality in various portions 
of the study area. PRGs and primary MCLs do not exist f
section does not detail exceedances, but summarizes relevant information pertaining to 
these analytes. Secondary MCLs do exist for some analytes (chloride, fluoride, TDS, and 
sulfate) as identified herein (see Tables 4-20 and 4-27). 

• Bicarbonate alkalinity concentrations ranged from 77 mg/L to 470 mg/L during the 
Winter and Summer sampling events. The maximum concentration for both the Wint
and Summer sampling events was observed at H-3 
respectively. 

Carbonate alkalinity concentrations ranged from <10 mg/L (non-detect) to 210 mg/L 
during the Winter and Summer sampling events. The maximum concentration d
the Winter wa
was 72 mg/L at H-7. 

Chloride concentrations ranged from 15 mg/L to 590 mg/L during the Winter and 
Summer sampling events (secondary MCL is 250 mg/L). A majority of the monitoring 
well samples displaye
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concentration during the Winter was 510 mg/L at H-9 (Duplicate), and the maximum
concentration during the Summer was 590 mg/L at SM-2. 

Fluoride concentrations ranged from 0.13 mg/L to 6.1 mg/L during the Winter and 
Summer sampling events (PRG is 2.2 mg/L). The maximum concentration for both the 
Winter and Summer sampling events was observed at H-3 at 5.6 mg/L a
respectively. 

Sulfate concentrations ranged from 13 mg/L to 2,000 mg/L during the Winter and 
Summer sampling events (Secondary MCL is 250 mg/L). The maximum concentration 
during the Wi
Summer was 2,000 mg/L at H-1. 

Total dissolved solids (TDS) ranged from 210 mg/L to 4,100 mg/L during the Winter 
2006 and Summer 2006 sampling events (Secondary MCL is 500 mg/L). The maximum 
TDS concentration during the Win
maximum concentration during the Summer was 4,100 mg/L at H-1. 

iochemistry. All monitoring well samples were analyzed for radiochemistry parameters 
 evaluation of these impacts. Several monitoring well samples had analyte concentrations 

eding either the PRGs or MCLs for radiochemistry parameters. Radio
with concentrations exceeding MCLs and/or PRGs are gross alpha activity, radium- 226 
activity, uranium- 234, and uranium- 238. The concentrations exceeding the standards are 
presented for each monitoring well for both Winter and Summer sampling events (Table 
4-21 and Table 4-27). 

• Gross alpha activity (MCL is 15 pCi/L): Exceedances were found in H-3 during the 
Summer (21.7 pCi/L) and Winter (16.3 pCi/L) samples, in H-7 (16.4 pCi/L) during the
Summer, and in SM

• Radium 226 activity (PRG is 0.000823 pCi/L): Exceedances were found in H-6 
(0.8 pCi/L) during the Winter, in GW-01(R) (0.4 pCi/L) during the Summer, and in 
GW--03 (Duplicate) (0.3 pCi/L) during the Summer.  

• Uranium- 234 (PRG is 0.674 pCi/L): During the Winter sampling event, the maximum
exceedance was observed in H-3 (13.9 pCi/L ), followed by H-9 (duplicate) (6.3 pCi/
H-9 (5.5 pCi/L ), H-4 (4.8 pCi/L), ARU-1 (3.3 pCi/L), AR
(2.7 pCi/L), S-4A (2.7 pCi/L), H-8 (2.6 pCi/L), GW-03 (2.4 pCi/L), H-6 (2.1 pCi/L), H-1
(1.8 pCi/L), H-2A (1.4 pCi/L), H-1 (1.1 pCi/L), GW-06 (0.9 pCi/L), and MW-4 (0.8 
pCi/L). Monitoring well samples were not analyzed for uranium- 234 during th
Summer sampling event. 

Uranium- 238 (PRG is 0.744 pCi/L): During the Winter sampling event, the maximu
exceedance was observed in H-3 (5.3 pCi/L), followed by H-9 (3.6 pCi/L), ARU-1 
(3 pCi/L), H-4 (2.9 pCi/L)
(1.8 pCi/L), H-11 (1.5 pCi/L), S-4A (1.4 pCi/L), H-8 (1.3 pCi/L), H-6 (1 pCi/L), H-2A 
(0.9 pCi/L), H-1 (0.8 pCi/L), and GW-03 (Duplicate) (0.8 pCi/L). Monitoring well 
samples were not analyzed for uranium- 238 during the Summer sampling event. 
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2.2 Production Well and Manifold Sample Results  
 production wells and manifolds sampled included Winkelman wells 3 and 4 (WM

, respectively, operated by AWC), the Winkelm
en Wellfield wells (HWF-15, HWF-21, and HW

the Hayden Wellfield Manifold (HWFM). Each production well was sampled for the same
analytical suite during each event. The results have been divided into four categories and 
are presented in Tables 4-22 through 4-27: 

• Inorganics: Total and Dissolved Metals; 
• VOCs, SVOCs, and TPH; 
•
• General geochemistry. 

Inorganics: Total and Dissolved Metals.
analyzed for both total and 
MCLs and/or PRGs were arsenic, manga
exceeding the standards are presented for each production well for Winter and Summer 
(Tables 4-22 and 4-27). 

Every production well sample for Winter and Summer had an arsenic concentration 
exceeding the PRG (0.045 µg/L), but all concentrations were below the MCL (10 µg/L). 
Therefore, each concen

HWF-21 had total and dissolved uranium concentrations exceeding the PRG (7.3 µg/L), 
not the MCL (30 µg/L) in the Winter sampling event. Total uranium concentrations for 
HWF-21 and its duplicate were 8.1 and 8.2 µg/L, respectively, while dissolved uranium 
concentrations were 9 and 8.6 µg/L, respectively. Samples from this well were not tested for 
total and dissolved uranium during the Summer sampling event.  

WM-4 had total manganese concentrations of 100 µg/L and 278 µg/L during the Winter and 
Summer sampling events, respectively. WM-4 had dissolved manganese concentrations of 
140 µg/L and 75.1 µg/L during the Winter and Summer sampling ev
of these concentrations exceed the secondary MCL (50 µg/L), but not the PRG (880 µg/L). 

The WWFM had total manganese concentrations of 51 µg/L and 177 µg/L during the 
Winter and Summer sampling events, respectively, which exceeded the secondary MCL, bu
not the PRG. The WWFM also contained dissolved selenium concentrations of 54 µg/L 
during the Winter sampling event, which exceeded the MCL.  

VOCs, SVOCs, and TPH. None of the samples from the production wells or manifold 
exceeded MCLs or PRGs for SVOCs or TPH. Of the samples submitted for analysis of VO
only the WWFM sample had analyte concentrations exceeding
including 1,2-dibromoethane, bromodichloromethane, and chlorodibromomethane, w
are common disinfection byproducts (see Tables 4-23, 4-24, and 4-27). 

The concentration of 1,2-dibromoethane (PRG is 0.0056 µg/L) in WWFM did not exceed the 
PRG during the Winter sampling event, but was 0.036 µg/L during the Summer sampling 
event. Bromodichloromethane concentrations (PRG is 0.18 µg/L) were
1.7 µg/L during the Winter and Summer sampling events, respectively. Chlorodibromo-
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methane concentrations (PRG is 0.13 µg/L) were 2.4 µg/L and 1.2 µg/L during the W
and Summer sampling events, respectively. 

General Geochemistry. The sample results with exceedances of available secondary MCLs 
are described herein, and presented in Table

• Bicarbonate alkalinity concentrations ranged from 190 mg/L to 280 mg/L during the 
Winter and Summer sampling events. The maximum concentration 
was 280 mg/L at HWF-26, and the maximum concentration during the Summer was 
250 mg/L at HWF-21. 

Chloride (secondary MCL is 250 mg/L) concentrations ranged from 85 mg/L to 
280 mg/L during the Winte
concentration during the Winter was 240 mg/L at HWF-26, WM-4, and WWFM, 
maximum concentration during the Summer was 280 mg/L at WM-4. 

Fluoride (PRG is 2.2 mg/L) concentrations ranged from 1.1 mg/L to 2.0 mg/L during 
the Winter and Summer sampling events. The maximum concentration
Winter and Summer sampling events were at HWF-26 at 2.0 mg/L and 2.0 mg/L, 
respectively. 

Sulfate (secondary MCL is 250 mg/L) concentrations ranged from 93 mg/L to 490 
during the Winter 
the Winter was 490 mg/L at HWF-26, and the maximum concentration during the 
Summer was 330 mg/L at HWF-21. 

The TDS (secondary MCL is 500 mg/L) concentrations ranged from 640 mg/L to 
1,400 mg/L during the Winter and S
concentrations for both the Winter and Summer sampling events were observed a
HWF-26 with 1,400 mg/L and 1,100 mg/L, respectively. 

iochemistry. Several production and wellfield wells had analyte concentrations 
eding either the PRGs or MCLs for radiochemistry paramet

with concentrations exceeding MCLs and/or PRGs are radium 226radium-226 activ
uranium- 234, and uranium- 238. The concentrations exceeding the standards are presented 
for each monitoring well for both Winter and Summer sampling events (Tables 4-26 and
4-27). 

• Radium- 226 activity (PRG is 0.000823 pCi/L): Exceedances were found only in monit
mo

• Uranium- 234 activity (PRG is 0.674 pCi/L): During the Winter sampling event, the 
maximum exceedance was observed in HWF-21 (4.5 pCi/L), followed by HW
(3.3 pCi/L), HWF-21 (Duplicate) (2.9 pCi/L), HWFM (2.7 pCi/L), WWFM (2.7 pCi/L)
HWF-15 (2.4 pCi/L), WM-4 (2.3 pCi/L), and WM-3 (2 pCi/L). The production well
manifold samples were not analyzed for uranium- 238 during the Summer sampling 
event. 

Uranium- 238 (PRG is 0.744 pCi/L): During the Winter sampling event, the maximum
exceeda
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(0.9 pCi/L), WM-3 (0.8 pCi/L), and WWFM (0.8 pCi/L). The production well and 
manifold samples were not analyzed for uranium- 238 during the Summer sampling
event. 

2.3 Drinking Water Tap Samples  
 drinking

 School (WSCH). These samp
ter quality parameters, and ra

Tables 4-22 through 4-27, and are described below for each analyte group. 

Inorganics: Total and Dissolved Metals. The drinking water taps were analyzed for both total 
and dissolved metals. The metals with concentrations exceeding the MCLs and/or
were arsenic and manganese. Both drinking water tap samples for Winter a
total and dissolved arsenic concentrations exceeding the PRG (0.045 µg/L), but below the 
MCL (10 µg/L). Therefore, the concentrations are not listed herein, but are shown on Figu
4-48 and Figure 4-49. 

The WSCH sample had a total manganese (secondary MCL is 50 µg/L) concentration of 
110 µg/L during the winter sampling event only, whereas the HL sample did not have a 
manganese exceedance

General Geochemistry. The sample results with exceedances of available secondary MCLs 
are described herein, and presented in Tables 4-25 and Table 4-27). 

For the HL and WSCH samples, bicarbonate alkalinity concentrations during the Winter 
sampling event were 240 mg/L and 210 mg/L, respectively. Chloride and fluoride 
concentrations were below the secondary MCLs. Sulfate (secondary
concentrations were 260 mg/L and 130 mg/L, respectively. Lastly, TDS (secondary MCL 
500 mg/L) levels for HL during the Winter and Summer sampling events were 930 
and 900 mg/L respectively, and TDS for WSCH were 760 and 750 for the Winter and 
Summer sampling events, respectively.  

Radiochemistry. The HL and WSCH drinking water tap samples had radiochemistry 
concentrations exceeding the PRG for uranium- 234 and -238 activity during the Winte
sampling event (see Tables 4-26 and 4-27). The
radionuclide parameters during the Summer.  

• For the HL tap, the uranium- 234 (PRG is 0.674 pCi/L) concentration was 1.6 pCi/L, 
the uranium- 238 (PRG is 0.744 pCi/L) concentration was 0.9 pCi/L.  

• For the WSCH tap, the uranium- 234 concentration was 2.2 pCi/L, and the uranium- 238 
concentration was 0.8 pCi/L. 

4.4.2.4 Nature and Extent of Impacts  
 evaluation of contaminant sou

m ASARCO operations was beyond th
marily on the level of actual or

aquifer and water supply. As described in Section 2.4.1, all monitor monitoring wells and 
production wells are screened in the following aquifers: 
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• Gila River Alluvial Aquifer: This uppermost aquifer is composed of approximately
top 100 feet of alluvial sands and gravels (Qal geologic unit) within the Gila River flood 
plain. Wells completed in this drinking water supply 
wells H-1, H-2A, H-3, H-4, H-5, H-6, H-10, H-11, ARU-1 through ARU-9, new 
monitoring well GW-03, and all Hayden and Winkelman production wells.  

Bedrock Aquifer: Wells completed in bedrock are located in the Ts formation (also 
referred to as the Big Dome Formation [SHB, 1992]). These bedrock aquifer wells inc
existing monitoring wells H-7, H-8, H-9, LC-1, ARU-9 through ARU-12, MW-
and SM-2 (bottom portion of screened interval, or 70-91.5 feet bgs), and new monitor
wells GW-01(R) and GW-06. 

Wash Alluvial Aquifers: These disconnected aquifers are associated with the older 
alluvium within upper reaches of the local Site drainages. While several wells are 
located within the boundaries
existing monitoring well SM-2 (61.5-70 feet bgs) and new monitoring well GW-02 (m
of the screened interval, or 11-28 feet bgs) are screened within the wash alluvial aqui
For purposes of this report, SM-2 is considered a bedrock aquifer well since most o
screened interval is in the bedrock. Therefore, only GW-02, located in the drainage 
downgradient of the slag dump area, is considered a wash alluvial aquifer well. These 
aquifers may be dry for portions of the year.  

indicated on Figures 2-4 and 2-5, groundwater elevations in the bedrock and wash 
vial aquifers are higher than those in the Gila River alluvial aquifer. However, these 
ifers may be considered hydraulically intercon

portions. The general direction of groundwater flow in the vicinity of the Site is from 
northeast to southwest, from areas of higher elevation towards the Gila River flood plain. 

Water Quality Assessment using Piper Diagrams—Monitor Monitoring Wells. Piper trilinear 
diagrams were prepared to help evaluate the nature and extent of impacts and overall
quality for the various aquifers. A Piper diagram is used to plot cation and anion 
concentrations, and can be used to classify water quality into various types. 

Based on the Piper diagrams produced for the Winter and Summer sampling event for 
monitoring wells (Figures 4-50 and 4-51, respectively), five different water type gr
for the monitoring wells appear, as described below. 

• Group I. This group consists of the water quality samples denoted by black points a
includes monitoring wells H-7 and ARU-1. These monitoring wells plot as a strong 
sodium–bicarbonatesodium bicarbonate (Na-HCO

Conglomerate). Several other wells are also screened within the bedrock aquifer, but 
none exhibit this type of water quality. The location of H-7, furthest well to the north 
and closest well to the outcropping of Paleozoic sediments/limestone (Ps), probably 
accounts for its Na-HCO3 type groundwater. While H-7 cannot be considered a 
background well, it is a different water type obtained from a different portion of the 
bedrock aquifer than the rest of the monitoring wells. The location of H-7 on the Piper 
diagram supports a different origin for groundwater in the vicinity of H-7. H-7 had th
maximum concentrations for arsenic and vanadium from all wells, and also had 
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elevated aluminum and iron concentrations. H--7 also exceeded the MCL for gross 
alpha. For ARU-1, this signature is likely the result of groundwater contributions from 
the large mountainside drainage area south of the Gila River, as the relatively low
sulfate and TDS levels indicate it is relatively unaffected by the tailings impoundmen

Group II. This group consists of the water quality samples denoted by blue points on 
the Piper diagram and includes wells ARU-8, GW-03, H-3, H-4, H-5, H-6, and H-10. 
These wells represent two closely related sub-groups: upgradient Gila River flood plain 
monitoring wells and Gila River flood plain monitoring wells that are relatively 
unaffected by the tailings impoundments. This group is a combination of sodium- 
sulfate (Na-SO4)- type water (ARU-8, GW-03, and H-3) and sodium-chloride (Na-Cl)- 
type water (H-4, H-6, and H-10), in which the combined amount of sulfate and ch
is similar, while the ratio between the two is variable. ARU-8, H-10, and H-6 are 
upgradient Gila River flood plain wells. ARU-8 contains the highest levels of 
bicarbonate, and therefore, plots lower on the Piper diagram than the other wells in this 
group. ARU-8 is located near the confluence between the Gila and San Pedro Riv
while the other alluvial wells in this group are located upgradient of this confl
This suggests that ARU-8 is a background alluvial well influenced by groundwater 
flowing into the Gila River alluvium from the southeast. H-10, and to some degree H-
are representative of background conditions for the alluvial aquifer associated with th
Gila River flood plain. Overall, ARU-8, H-10, and H-6 have few exceedances. ARU-8
arsenic concentrations exceeding the MCL, while H-10 has exceedances for manganese. 
GW-03 is further downgradient than ARU-8, H-10, and H-6, but still displays the 
alluvial system water quality characteristics of low to non-detect metals concentrations 
with no MCL exceedances. H-4, located further downgradient of GW-03, has 
exceedances for arsenic, iron, and manganese, and has higher sulfate and TDS leve
indicating tailings impoundment impacts. Finally, H-3 is furthest downgradient of the 
group, has iron and manganese exceedances, and also has the highest sulfate, TD
chloride levels likely due to likely impacts from the adjacent tailings impoundments. 
H-3 has more exceedances than other wells in this subgrouping, however, overall these
six monitoring wells have low concentrations of all the analytes relative to the 21 total 
monitoring wells sampled. 

Group III. This group consists of water quality samples denoted by green points on the 
Piper diagram and includes wells GW-02, LC-1, H-11, and H-5. Wells GW-02, and LC-1
are located near the periphe
northeast and southwest perimeter, respectively, of TPA, and these wells show mild 
impacts likely from historic activities at the Site. The wells have a slight increase in 
sulfate, calcium, and magnesium compared to the background monitoring wells H-6 
and H-10. This can be seen on the Piper diagrams as movement along a path towards
calcium/magnesium and sulfate maximums. This group is also a combination of Na
water (GW-02, LC-1, and H-11) and Na-Cl (H-5). Again, as with samples in Group II, for
this grouping of samples the combined amount of sulfate and chloride is similar, while 
the ratio between the two is variable. GW-02 and LC-1 have significantly more 
exceedances and higher concentrations than H-5 and H-11, likely resulting from close 
proximity to the Site, and screened intervals in the aquifers other than the Gila River 
alluvial aquifer. GW-02 is screened in wash alluvium and exhibits low recharge
when pumped. GW-02 had MCL exceedances for antimony, arsenic, cadmium, 
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selenium, and the maximum concentration for molybdenum among all monitoring 
wells. LC-1 is screened in the bedrock aquifer, but due to the shallow screen it is likely
affected by nearby Site activities. LC-1 had exceedances for aluminum, arsenic (a
MCL), iron, manganese, molybdenum, selenium, and vanadium. H-11 and H-5 are 
screened in the Gila River alluvium. H-11 has exceedances of chloride, sulfate and TDS,
indicating likely impacts from TPA and upgradient ASARCO operations. H-5 had 
elevated iron, manganese and TDS levels, indicating TPA impacts with some possib
dilution from Gila River recharge. 

Group IV. This group consists of water quality samples denoted by orange points on th
Piper diagram and includes wells GW-01(R), H-1, H-2A, H-8, H-9, and SM-2. These 
monitoring wells are located within
directly downgradient of the tailings impoundments. The monitoring wells continue to 
show an increase in sulfate, calcium, and magnesium compared to the background 
wells. This group contains both Na-SO4- type water (GW-01(R) and calcium sulfate
SO4)- type water (H-1, H-2A, H-8, H-9, and SM-2). H-1 and H-2A show high 
concentrations of calcium, plotting close to the maximum point on the calcium/ 
/magnesium axis. These elevated levels are most likely due to the upgradient tailings 
impoundments. GW-01(R) and SM-2 have the most analytes with exceedance
group and generally the highest concentrations relative to all the monitoring wells 
sampled for metals. As with GW-02 and LC-1, both monitoring wells are on Site or 
directly downgradient, the screened intervals are not within the Gila River alluvium, 
and they lack influence from the alluvial aquifer associated with the Gila River. 
GW-01(R) is screened partly in wash alluvium below a former tailings disposal area
most of the screened interval is in the bedrock aquifer. GW-01(R) had the maximum 
concentrations for total aluminum, copper, and iron for all monitoring wells sam
SM-2 is screened mainly in the bedrock aquifer, and had elevated aluminum, arsenic, 
iron, manganese, and molybdenum concentrations, as well as elevated chloride, sulfate
and TDS levels. H-1 and H-2A are downgradient of both TPA and TPD. Both monitoring
wells are screened in Gila River alluvium and had have similar water quality, with 
exceedances for iron and manganese, as well as elevated chloride, sulfate, and TDS 
values. H-1 had the maximum concentrations of manganese and sulfate for all 
monitoring wells. H-8 and H-9 are located downgradient of the concentrator facility
the northeastern edge of TPA. Both monitoring wells are screened in bedrock, but bo
are shallow and show affects effects similar to the alluvial wells. Both wells had
moderate number of exceedances, and the overall concentrations of metals were greater 
than background, but less than the onsite wells. In addition, both monitoring wells had 
elevated chloride, sulfate, and TDS concentrations compared to the other monitorin
wells in this group, which suggests TPA impacts. 

Group V. This group consists of water quality samples denoted by red points on the 
Piper diagram and includes wells MW-2, MW-4, and GW-06. These monitoring wells are
located near the smelter facility and in Power Hou
impacts from historic activities at the Site. The monitoring wells show an increase in 
sulfate compared to the background wells and have greater levels of magnesium 
compared to calcium. They are the only magnesium-sulfate (Mg- SO4)- type water 
encountered during this investigation. The high concentration of dissolved magnesiu
in these samples is superimposed on the Gila River alluvium water chemistry, shi
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the location of these samples to the calcium/magnesium maximum on the Piper 
diagram. These three wells are located in the vicinity of near the same wash, indicating 
an upgradient source of magnesium that has affected the water quality. Since the 
location of these wells is isolated and they have the highest concentrations of 
magnesium, the source is probably localized and associated with historic activities. 
MW-2, MW-4, and GW-06 had moderate to low concentrations for metals in comp
to the other monitoring wells. MW-2 had exceedances for iron and vanadium,
MW-4, located downgradient of MW-2, had similarly high levels of iron and vanadiu
and well as an exceedance of the MCL for selenium and the SVOC bis (2-ethylhexyl) 
phthalate. GW-06 had elevated concentrations of aluminum, iron, manganese, and 
vanadium, with PRG exceedances for the VOCS bromodichloromethane and 
tetrachloroethene. 

ter Quality Assessment using Piper Diagrams—Production Wells and Manifolds. Piper 
grams were also prepared for the Winter and Summer sampling event for the pr
ls (Figures 4-52 and

Winkelman wellfields are screened in the alluvium. All samples from this group plots n
the background Gila River alluvial aquifer group, Group II, on the Piper diagrams. In 
general, the production wells do not display elevated levels of metals. Total and diss
arsenic concentrations are below the MCL. For the Hayden wellfield, uranium was found in
HWF-21 at concentrations slightly above the PRG, but below the MCL. Sulfate and TDS 
concentrations in most Hayden wellfield samples were above secondary MCLs.  

The only metals exceedances occurred at the Winkelman wellfield, where WM-4 and 
WWFM had exceedances for manganese; WWFM also had an exceedence of dissolved 
selenium in the Winter sampling event. A number of trihalomethane (THM) com
were detected at low levels in the sample obtained from WWFM, including 1,2-dibrom
ethane, bromodichloromethane, and dibromochloromethane. These compounds are ofte
by-product of chlorination, and it was confirmed that the chlorination step occurs before t
WWFM sample tap. TDS concentrations in all Winkelman wellfield samples were above t
secondary MCL, but below the levels found in Hayden wellfield samples. Chloride was also
found in the Summer event samples from WM-4 and WWFM at levels above the secondary 
MCL.s.  

The WWFM is a discharge point where water from extraction wells WM-3 and WM-4 is 
combined. Because of this, the concentration of manganese at the WWFM sample is a result 
of WM-4, an

The general absence of dissolved metals in the Hayden and Winkelman production wells is 
explained by their location in within the flood plain alluvial aquifer. Since the pumping 
wells can yield more than 1,000 gpm and the volume of grou
upland areas is comparatively small, the dominant water quality in the production wells 
would be expected to reflect Gila River alluvium characteristics. In general, contributions
elevated concentrations of metals and other constituents of concern from the wash alluv
and bedrock aquifers to the Gila River alluvial aquifer are relatively small and likely 
undergo significant dilution.  

Water Quality Assessment using Piper Diagrams—Sample Taps. A Piper diagram was also 
prepared for the Winter sampling event for the two sample taps (Figure 4-54). The two 
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drinking water tap samples plot on the Piper diagram with the production wells and near
the background alluvial aquifer group (Group II). The drinking water taps generally sho
no elevated levels of metals contamination. Total and dissolved arsenic concentrations are 
below the MCL. The concentrations of copper at both the HL and WSCH samples are 
significantly higher than concentrations found in the monitoring wells and source 
production well samples, but are still below the secondary MCL. The source of copper
drinking water taps, therefore, is likely from the distribution system. 

4.4.3 Fate and Transport 
This section provides a brief revie
related roundwater impacts. 

4.4.3.1 Metals 
e groun

vents re
concentrations exceeding standards, as indicated on Table 4-27, were: 

• Aluminum 
• Arsenic 
• Iron 
• Mangane
• Moly
• Selenium 
• Vanadium 

Antimony and ca
therefore widesp

Most of the constituents listed above are commonly associated with copper mining and
processing activities, but can also occur naturally in aquifers of 
assessment of background concentrations in groundwater was not conducted due to the 
lack of suitable background monitoring wells.  

Arsenic concentrations at six monitoring well locations had concentrations exceeding the 
MCL. The highest arsenic concentrations are in mo
ASARCO operations, including H-7, LC-1, SM-2, and GW-02. The extent of arsenic 
distribution was not defined, and would require additional background water quality data
and delineation in other areas surrounding ASARCO operations. 

Monitoring wells GW-01(R), GW-02, LC-1, and SM-2 generally had the highest total metal 
concentrations, and Wells LC-1 and GW-01(R) are all located near the
while SM-2 and GW-02 are located near the former or active smelter facility. Wells LC-1, 
SM-2, and GW-02 had high selenium and molybdenum concentrations, which are associated
with slag dumps or slag processing areas. The concentrations in these wells are influenced 
by historic mineral processing activities at the Site. Because of the relatively few number of 
wells, actual source areas and the extent of impacts are not delineated. As groundwater 
flows to the south/southwest towards the Gila River, concentrations are significantly 
diluted by the volume of flow in the Gila River alluvial aquifer. Figures 4-8 and 4-9 indicate 



4.0 REMEDIAL INVESTIGATION RESULTS 

ES022008005PHX 4-47 

ng 

adient 

e 
sampling event. This is likely a seasonal effect due to the unusually dry winter 

al 
ht 

y 
 

tion of exposure to drinking water receptors in these 

the 

 

Regarding  H-1 had the highest chloride, sulfate, and TDS 
concentrat h generally high sulfate levels include H-2A, 

 
m 

ese 

Analysis fo H was conducted for a limited number of wells. 
Monitoring W-06 showed some trace levels of VOCs that exceeded 

at 
y 

tion 

a higher incidence of PRG or MCL exceedances in wells associated with tailings (includi
Kennecott Wash), slag dumps, and industrial areas related to the smelters. 

The tailings impoundments are a likely source of iron and manganese impacts to 
groundwater, as indicated by elevated concentrations in H-1 and H-2A, downgr
of TPA.  

Data from the Winter sampling event typically had greater metal concentrations than th
Summer 
conditions and the wet summer months. During the Winter sampling event, much of centr
Arizona experienced a record-breaking period without rain. However, the summer broug
heavy rainfall just prior to the sampling round conducted at the end of August 2006. The 
water levels in all wells with the exception of ARU-5, ARU-8, and GW-06, increased due to 
the recharge from rainfall to the alluvial aquifers (Table 4-28). As a result, the water qualit
results show a general lowered (dilution) of total and dissolved metal concentrations during
the Summer sampling event. 

Finally, the HWFM and HL samples for Hayden, and the WWFM and WSCH samples for 
Winkelman, provide an indica
communities. The Hayden samples do not show MCL exceedances, whereas the WWFM 
samples (both events) and WSCH sample (Winter only) show only manganese above 
secondary MCL of 50 µg/L. The secondary MCL was developed to avoid staining of 
clothing and fixtures, and is believed to be more than adequate to protect human health as
described in the “Drinking Water Health Advisory for Manganese” (EPA, 2004b).  

4.4.3.2 General Groundwater Chemistry 
general groundwater chemistry,

ions. Other monitoring wells wit
H-3, H-8, H-9, LC-1, and SM-2. All wells on the Site have sulfate and TDS concentrations 
greater than the secondary MCL standards (250 mg/L and 500 mg/L, respectively). This 
indicates that historic mineral processing activities at the Site, including the tailings 
impoundments, are contributing sulfate and other TDS to the Gila River alluvial aquifer. 

Regarding Hayden exposures, the HWFM and HL samples showed sulfate and TDS 
concentrations well below levels found in Gila River alluvial aquifer monitor monitoring 
wells, but still above the secondary MCL. For Winkelman exposures, the WWFM and
WSCH samples showed TDS levels above the secondary MCL, and the WWFM sample fro
the Summer event had chloride above the secondary MCL. The secondary MCLs for th
constituents were established as non-enforceable guidelines for water systems. For chloride, 
sulfate, and TDS, these levels are based on odor and taste, and the levels are believed more 
than adequate to protect human health. 

4.4.3.3 VOCs, SVOCs and TPH 
r VOCs, SVOCs, and TP
 wells GW-01(R) and G

the PRGs, and MW-4 had a concentration of the SVOC bis(2-ethylhexyl) phthalate th
exceeded the MCL, which indicates that upgradient ASARCO-related sources of VOCs ma
exist. However, VOCs and SVOCs were not found in the HWFM sample. Some disinfec
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byproducts were found in the WWFM sample. VOCs, SVOCs, and TPH were not analyzed 
for in the tap water samples, but overall exposure to these organic compounds is expected 
to be minimal. 

4.4.3.4 Radi
monitoring well, pr
ranium uranium

for these uranium activity levels, however total Uranium was also analyzed for in sever
samples and there were no MCL exceedances. There were also limited PRG exceedances for 
gross alpha and Radium radium-226 activity in some wells, although the Hayden and 
Winkelman manifold and tap water samples did not show PRG exceedances for these 
constituents. 

On a national and local level, most drinking water sources will have very low levels of 
radioactivity,
radioactivity is naturally occurring. Certain rock types have naturally occurring trace 
amounts of “mildly radioactive” elements (radioactive elements with very long half-live
that serve as the “parent” of other radioactive contaminants (“daughter products”). M
parts of the United States have very low “average radionuclide occurrence” in drinking 
water sources. However, some parts of the country have, on average, elevated levels of 
particular radionuclides compared to the national average. For example, some Western 
states have elevated average uranium levels compared to the national average as describ
in the EPA website relating to safewater/radionuclides (EPA, 2008c)).  

Although copper processing has been known to concentrate radioactive materials, there 
appears to be minimal impacts to this Site. There is evidence of natural sou
from the southwest side of the Gila and San Pedro Rivers.  

4.4.3.5 Overall Summary 
distribution of met

e present. Howeve
achieved because of the relatively few number of monitoring wells. The metals exceed
are likely due to localized sources and/or historic plant mineral processing activities. 
Groundwater in the alluvium of the washes is likely affected by Site activities and drains to 
the Gila River alluvial aquifer; however, due to because of dilution effects, this limited
contribution of a metals load has little impact on the water quality found in production 
wells completed in the alluvial aquifer. If groundwater on the southeastern side of TPA
pumped only for municipal supply in the future, impacts to the Hayden water supply 
are possible. 

In addition to metals, concentrations of sulfate, chloride, and TDS were found in many 
monitoring an
these constituents can be demonstrated and their impact on the regional alluvial aquifer
system is likely a result of current and historic mineral processing practices. 

No significant impacts from VOCs, SVOCs, or TPH were identified, although the extent of
sampling was quite limited. Finally, radionuclides, especially uranium-234 an



4.0 REMEDIAL INVESTIGATION RESULTS 

ES022008005PHX 4-49 

ir  
ectio ibes the air monitoring results for the Hayden and Winkelman stations 

d a f the RI.  

d concentrations of PM10 and selected metals (including arsenic, 

10 s 
aintenance yard and the Hayden High School 

ity, 
s. 

ples 
 

y 

gro as not installed as part of the RI. Therefore, an 
 quality data was conducted for comparison with 

s 
 
l 

f 
re 

e 

activities are elevated compared to PRGs are and appear to be naturally occurring in 
the region.  

4.5 A
This s n descr
installe s part o

First, an evaluation of available background air quality data is provided. Then, a summary 
and evaluation of monitore
lead, copper, cadmium, and chromium) are presented for the Hayden and Winkelman air 
monitoring stations. Although data collection will continue for several more months, the 
approximately one year of data and conclusions presented in this section are considered 
relatively complete and representative. . 

The two air monitoring stations consist of PM  and meteorological data collection system
and are installed at the town of Hayden m
(located in Winkelman and referred to as the Winkelman station). Each station was 
established to collect PM10 samples during a 24-hour period (midnight to midnight) on a 
6-day cycle, while meteorological data (average ambient temperature, relative humid
wind speed, and wind direction) are collected every 30 minutes on a continuous daily basi
This data evaluation includes Hayden station monitoring data from October 22, 2006, 
through November 7, 2007, and Winkelman station monitoring data from November 21, 
2006, through November 1, 2007. In addition, this report includes the results of air sam
collected during the March 10-31, 2008, period, when ASARCO’s smelter facility was shut
down for annual maintenance (note that the 2007 annual shutdown occurred between 
January 15 and February 5, 2007). Samples collected during these periods were submitted 
for analysis of PM10 by gravimetric method and for metals analysis of the PM10 filters b
EPA Compendium Method IO-3.3 using X-ray Fluorescence Spectroscopy. All laboratory 
analyses were conducted by Chester LabNet of Tigard, Oregon.  

4.5.1 Background Air Quality 
A back und air monitoring station w
assessment of available background air
RI data from the Hayden and Winkelman stations. Data collected from remote location
with minimal anthropogenic (caused or influenced by human activities) contributions can
be used to estimate background concentrations of metals in ambient air. Data from severa
remote monitoring locations in Arizona were reviewed to identify appropriate datasets to 
provide background concentrations for an area similar to Hayden, Arizona. Appendix C 
contains a technical memorandum that provides details of the methodology used to select 
representative data for estimation of background concentration of PM10 and metals. In 
summary, PM10 filter samples from the Organ Pipe National Monument (Organ Pipe, part o
the Interagency Monitoring of Protected Visual Environments [IMPROVE] network) we
used to estimate background concentrations. A selected number of samples from the Organ 
Pipe station were submitted to Chester LabNet for analysis of PM10 and metals, per the sam
EPA methodology used for analysis of the RI station samples. The annual mean, minimum, 
and maximum values for PM10 and selected metals (arsenic, cadmium, copper, lead, and 
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chromium) from the Organ Pipe station for calendar year 2006 are summarized in 
Table 4-29. 

As shown on Table 4-29, the concentrations of arsenic and cadmium were non-dete
ambient air sampl
ranged from 0.0003 to 0.0006 µg/m3) and cadmium (0.0006 to 0.0009 µg/m3) were below the 
arsenic and cadmium ambient air PRGs of 0.00045 and 0.0011 µg/m3, respectively, except 
for five sample that had an arsenic MDL of 0.0006 µg/m3, only slightly above the MDL.  The 
arithmetic mean concentration of chromium (0.00049 µg/m3) was above the PRG for 
ambient air of 0.00016 µg/m3. There are no ambient air PRGs for copper and lead; however 
the average lead concentration (0.00133 µg/m3) at this background station is well belo
current NAAQS of 1.5 µg/m3 and below the EPA-proposed revision to the NAAQS 
standard to within the range of 0.10 – 0.30 µg/m3. Overall, these metals concentrations can 
be used for direct comparison with data from the Hayden and Winkelman stations. 

4.5.2 Air Quality Results in Hayden and Winkelman Stations 
The da ollected from the Hayden and Winkelman air monitoring statio
meteor ical data (electronically recorded temperature, barometric pres
humidity, wind speed and wind direction data at both stations, and manually recorded
gauge data at the Winkelman station only), PM10, and metals (including arsenic, copper, 
cadmium, lead, and chromium) during the period October 2006 through November 2007.  

A summary of the meteorological data (temperature, pressure, relative humidity, and 
Winkelman station rain gauge data) is provided in Table 4-30. The rain gauge data for the 
Winkelman station was recorded manually by an on-site representative at the Hayden H
School. The data are included for information purposes, but its accuracy and completeness 
could not be independently verified. 

Following validation of the laboratory data, summary tables were created containing the 
results and any data qualifiers. Tables
results for PM10 and metals for the Hayden and Winkelman stations, respectively. These 
tables also show the regulatory comparison criteria, along with a 24-hour windrose for each 
day PM10 samples were collected. Finally, Table 4-33 presents a statistical summary of all 
PM10 and metals data from the Hayden and Winkelman stations.  

The metals results reported by Chester LabNet include an uncertai
with the XRF analytical procedure in EPA Method IO-3.3. The unce
represents the statistical range in which a measurement may fall. For a Gaussian 
distribution, a one-sigma uncertainty would describe the range of possible values (by 
adding and subtracting the uncertainty to the reported value) with 68% confidence, 
three-sigma uncertainty would describe the range at 99.7% confidence. The uncertainti
reported by the laboratory are one sigma uncertainties. Based on discussions with the 
laboratory and a review of practices used to evaluate air quality data at other sites, a three
sigma uncertainty was used for review of data for this Site. When a measured value is ab
the three-sigma MDL uncertainty, it is considered a detected result, and is reported as is. If 
it is found below the three-sigma uncertainty, it is considered a nondetected result, and the 
three-sigma uncertainty value is provided in the summary tables. For some samples, the 
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4.5.2.2 Metal Concentrations Summary 
The concen ters, including arsenic, lead, copper, and 

eriod are 

L; 

three-sigma MDL uncertainty is above the regulatory criteria, as indicated in Tables 4-31 
and 4-32.  

In general
a combination of factors, including the relative locations of the emission sources and the 
monitoring stations, the variation of the emission rates of the sources, and meteorological
conditions such as wind direction and speed.  

10 

d in Table 4-33, following data v
at the Hayden station and 55 results available for the Winkelman station. The average PM10 
value for the Hayden station (37.7 µg/m3) over this period is about 1.9 times the average 
PM10 value at the Winkelman station (20.2 µg/m3). These concentrations both exceed the 
Organ Pipe station background average value (16 µg/m3).  

Figure 4-55 shows the comparison of PM  concentrations at 
average wind speed monitored at the Hayden station (since wind speeds were generally
similar at both stations). In general, PM10 concentrations were observed to be higher at the 
Hayden station than the Winkelman station except on one day (March 27, 2007). The 
fluctuation of the PM10 concentrations seems to follow the pattern of wind speed chan
the Hayden station. However at The Winkelman station higher concentrations of PM10 were 
not measured if the wind was not blowing from the direction of smelter, concentrator or 
tailing piles. The highest or lowest PM10 concentrations at both monitoring stations did no
necessarily occur on days with the highest or lowest wind speed, respectively.  

The highest concentrations of PM10 were found on June 1, 2007, and March 27, 2
Hayden (91.5 µg/m3) station and Winkelman (82.4 µg/m3) station, respectively. None of th
samples collected at the two stations exceeded the NAAQS 24-hour PM10 value of 
150 µg/m3. The wind rose diagrams, provided in Tables 4-31 and 4-32, indicate tha
average wind speed on June 1, 2007 was moderate, while the wind speed on March 27, 2
was the third highest wind speed during the entire monitoring period. For both days, the 
hourly wind directions were measured predominantly from the west, southwest, and 
southeast, with the average wind direction for the day from the west-southwest. For th
Hayden station, upwind sources of PM10 emissions on that day included the tailings 
impoundments (to the southwest), open areas west of Hayden (to the west), and the t
hopper, CF and Conveyer 9 area (to the southeast). For the Winkelman station, upwind 
sources of PM10 emissions included the open spaces and tailings impoundments (to 
the west).  

trations of metals in the PM10 fil
chromium, were evaluated for both the Hayden and Winkelman stations. The 
concentrations of arsenic, lead, copper, and chromium during the monitoring p
shown in Figures 4-56 through 4-59, respectively. The cadmium concentrations were not 
plotted due to the relatively low number of detections above the laboratory-reported MD
there were only five detections at the Hayden station and six detections at the Winkelman 
station. The metals results are further described below. 
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Arsenic Concentrations at Hayden Station. Of the57 samples collected in Hayden during the 
reporting period and analyzed for metals, 49 (86%) exceeded the arsenic ambient air PRG of 
0.00045 µg/m3. Table 4-34 presents the highest concentration sample dates for arsenic, along 
with the prevailing wind direction and potential upwind sources on those dates. The eight 
most elevated arsenic concentrations were found on November 21, 2006; December 3, 2006; 
January 8, 2007; March 3, 2007; August 30, 2007; September 11, 2007 (highest level); October 
22, 2007, and; November 7, 2007.  

During most of these sample periods, the prevailing wind direction was from the northeast 
and east, and the ASARCO smelter facility was generally upwind. The maximum arsenic 
concentration (0.189 µg/m3 on September 11, 2007) is about 420 times the ambient air PRG 
and just below the California Acute Reference Exposure Level (REL) of 0.19 µg/m3 (4-hour 
average value). Although the Hayden station sample from June 1, 2007 (91.5 µg/m3) had the 
highest PM10 reading, an elevated concentration of arsenic was not found on this day.  

Table 4-35 presents the average ambient air concentrations for arsenic (and other metals) 
measured at the Organ Pipe background station, compared with average ambient air 
concentrations from the Hayden and Winkelman stations. The average arsenic concentration 
at the Hayden station (0.0239 µg/m3) is about 40-80 times higher than the range of arsenic 
MDL values (0.0003 – 0.0006 µg/m3) at the Organ Pipe station.  

Arsenic Concentrations at Winkelman Station. Of the 55 samples collected in Winkelman 
during the reporting period and analyzed for metals, 39 (71%) exceeded the arsenic ambient 
air PRG of 0.00045 µg/m3. As shown on Table 4-34, the seven most elevated arsenic 
concentrations were found on February 19, 2007; April 26, 2007; May 8, 2007 (tied for highest 
value); May 14, 2007 (tied for highest value); June 1, 2007; June 25, 2007; and August 18, 
2007. 

During most of these sample periods, the prevailing wind direction was from the northwest, 
and the ASARCO smelter and concentrator facilities were generally upwind. The maximum 
arsenic concentration (0.0282 µg/m3, measured on both May 8, 2007 and May 14, 2007) is 
about 62 times the PRG, and about 6.7 times lower than the maximum value recorded in 
Hayden. Also, the elevated arsenic concentration days in Hayden and Winkelman did not 
coincide; however, arsenic data in Winkelman were not available for some of the days when 
elevated arsenic concentrations were found in Hayden, such as October 22 and November 7, 
2007. 

As indicated on Table 4-35, the average arsenic concentration at the Winkelman station 
(0.008 µg/m3) is about 13-26 times higher than the range of MDL values (0.0003 – 
0.0006 µg/m3) at the Organ Pipe station.  

Lead Concentrations in Hayden and Winkelman. As shown in Figure 4-57, the concentration 
pattern for lead in the Hayden and Winkelman samples was very similar to arsenic and 
cadmium, with the elevated concentrations occurring on the same dates. The maximum lead 
concentration (0.836 µg/m3 on September 11, 2007) in Hayden (Tables 4-31 and 4-33) 
corresponded to the same sample for which the maximum arsenic concentration was found; 
this lead concentration in the PM10 sample is about 55% of the NAAQS of 1.5 µg/m3 
(quarterly average value), but considerably above the EPA-proposed NAAQS revision 
(range of 0.1 to 0.3 µg/m3).  The average lead concentration in Hayden (0.0853 µg/m3) is 
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about 64 times the Organ Pipe station average background value of 0.00133 µg/m3 (Tables 
4-29, 4-31, and 4-35).  

The maximum lead concentration (0.083 µg/m3 on June 25, 2007) in Winkelman (Tables 4-32 
and 4-33) corresponded to the fourth highest arsenic concentration sample, is about 5% of 
the NAAQS, is below the EPA-proposed NAAQS revision (range of 0.1 to 0.3 µg/m3, and is 
about 100 times lower than the maximum lead value recorded in Hayden.  However, the 
average lead concentration in Winkelman (0.0224 µg/m3 is about 16.8 time higher than the 
Organ Pipe station average background value of 0.00133 µg/m3 (Table 4-35).   

It is important to note that lead data for use in determination of compliance with the federal 
lead NAAQS must be collected and analyzed using a Federal Reference Method (FRM) or 
Federal Equivalent Method (FEM) for lead using a Total Suspended Particulate (Pb-TSP) 
monitor. The current FRM for lead sampling is based on the use of a high-volume Total 
Suspended Particulate (TSP) sampler, and use of atomic absorption for the analysis of lead 
(40 CFR 50, Appendix G). In addition, all other approved FEMs are based on the use of 
high-volume TSP samplers. 

Copper Concentrations in Hayden and Winkelman. As shown in Figure 4-58, the concentration 
pattern for copper in the Hayden and Winkelman samples was very similar to arsenic and 
cadmium, with the elevated concentrations occurring on the same dates. There is no PRG or 
NAAQS for copper, and the California Acute REL is 100 µg/m3 (1 hour average). The 
maximum copper concentration (3.997 µg/m3 on November 21, 2006) in Hayden was well 
below the Acute REL.  The average copper concentration in Hayden (0.724 µg/m3) is about 
510 times higher than the Organ Pipe station average background value of 0.00142 µg/m3 
(Tables 4-29, 4-31, and 4-35).  

The maximum copper concentration (1.3030 µg/m3 on May 8, 2007) in Winkelman 
corresponded to one of the two highest arsenic concentration dates, while the second 
highest copper concentration (0.95674 µg/m3 on June 25, 2007) corresponded to the highest 
lead concentration sample. The maximum copper concentration in Winkelman is about 
three times lower than the maximum value recorded in Hayden. As indicated on Table 4-35, 
however, the average copper concentration at the Winkelman station (0.288 µg/m3) is about 
203 times higher than the background average copper concentration (0.00142 µg/m3) at the 
Organ Pipe station. 

Chromium Concentrations in Hayden and Winkelman. As shown in Figure 4-59, the 
concentration pattern for chromium in the Hayden and Winkelman samples differs from 
arsenic, copper, lead, and cadmium, with the elevated concentrations occurring on the same 
dates as the elevated PM10 concentrations. In Hayden, the two dates with the highest 
chromium concentrations (0.0072 µg/m3 on June 1, 2007 and 0.0070 on October 22, 2007) 
were also the two dates with the highest PM10 concentrations in Hayden.  

The maximum chromium concentration in Hayden (0.0072 µg/m3) is about 45 times the 
PRG of 0.00016 µg/m3. As indicated on Table 4-35, the average chromium concentration 
(0.00049 µg/m3) at the Organ Pipe background station is about three times the PRG. 
However, the average chromium concentration at the Hayden station (0.00175 µg/m3) is still 
about 3.5 times the Organ Pipe station average concentration of 0.00049 µg/m3. The highest 
chromium concentration in Winkelman (0.0056 µg/m3 on March 27, 2007) is about 35 times 
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the PRG. Based on Table 4-25, the average chromium concentration at the Winkelman 
station (0.000945 µg/m3) is still about 1.9 times the Organ Pipe station average concentration 
of 0.00049 µg/m3. 

The dates of the highest concentrations of chromium at Hayden and Winkelman stations 
corresponded with the highest PM10 concentration at these two stations, respectively. 

Arsenic to PM  Concentration Ratio. F10 igure 4-60 shows the arsenic to PM10 concentration 
ratios at the two stations. The arsenic to PM10 ratios for the 8 days with elevated arsenic 
concentrations at the Hayden station (November 21, 2006; December 3, 2006, January 8, 
2007; March 3, 2007; August 30, 2007; September 11, 2007, October 22, 2007, and 
November 7, 2007) are generally much higher than for the other days. During the days of 
when high arsenic to PM10 ratio was measured predominant wind direction was from 
smelter facilities to the Hayden station.  

The higher arsenic to PM10 ratios at the Winkelman station occurred on the same days when 
elevated arsenic concentrations were found at the Winkelman station (February 13, 2007; 
February 19, 2007; February 25, 2007; April 26, 2007; May 8, 2007; May 14, 2007; June 1, 2007; 
June 25, 2007; and August 18, 2007). During most of the days when high arsenic to PM10 
ratio was measured at the Winkelman station, the predominant wind direction was from 
smelter facilities toward the Winkelman station.  

Cadmium Concentrations in Hayden and Winkelman. For Hayden samples, five cadmium 
results from November 21, 2006 (0.0166 µg/m3), January 8, 2007 (0.0141 µg/m3), August 30, 
2007 (0.0351 µg/m3), September 11, 2007 (0.0324 µg/m3), and October 22, 2007 (0.0108 
µg/m3) exceeded the PRG of 0.0011 µg/m3. The highest concentration for Hayden (the 
August 30, 2007 sample) is about 32 times the PRG. These dates with elevated cadmium 
concentrations all correspond with high arsenic and lead concentrations in Hayden. 
Cadmium was not found in the Organ Pipe station samples, with an MDL of 0.0006 µg/m3; 
however, the average cadmium concentration at the Hayden station (0.00453 µg/m3) is 
about 7.5 times the Organ Pipe station MDL value. 

For Winkelman samples, six cadmium results from 2007 (February 19, May 8, June 1, 
June 19, June 25, and August 24) exceeded the PRG of 0.0011 µg/m3, and were within a 
narrow concentration range of 0.0022-0.0029 µg/m3, or about 2-3 times the PRG. Three of the 
six samples (February 19, June 1, and June 25) correspond with high arsenic concentrations 
in Winkelman. The average cadmium concentration at the Winkelman station (0.00121 
µg/m3) is about 4 times the Organ Pipe station MDL value of 0.0003 µg/m3.  

The high cadmium concentrations also correspond with high copper concentrations in 
samples from Hayden monitoring station. The average concentration of copper in all 
samples from Hayden was 0.756 µg/m3. However, during the 5 days when cadmium levels 
exceeded the PRG (November 21, 2006, January 8, 2007, August 30, 2007, September 11, 
2007, and October 2007), copper concentrations ranged from 2.73 µg/m3 to 4.0 µg/m3.  

Other Metals in Hayden and Winkelman. As indicated in Tables 4-31 and 4-32, an exceedance 
of PRGs was identified for manganese. 
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4.5.2.3 

The manganese concentration in one Winkelman sample (March 27, 2007, 0.0544 µg/m3) 
exceeded the PRG of 0.051 µg/m3. The manganese exceedance corresponds with the sample 
date showing the highest PM10 concentration in Winkelman. 

No other metals results display exceedances of regulatory criteria. However, as indicated on 
Tables 4-31 and 4-32, many metals do not have corresponding regulatory criteria that could 
be referenced in this report. Also, as described above in Section 4.5.2, the three-sigma 
uncertainty value exceeded the regulatory criteria for some metals. In particular, the three-
sigma uncertainty value for cobalt was above the PRG in all Hayden and 
Winkelman samples.  

Ambient Air Quality in Hayden and Winkelman During Smelter Shutdowns 
The ASARCO smelter was shutdown for annual maintenance during the monitoring 
periods from January 15-February 5, 2007, and again from March 10-31, 2008. However, the 
ASARCO concentrator facilities continued to operate during both of these periods of smelter 
shutdown. Table 4-31 and Table 4-32 include ambient air monitoring data for these dates for 
PM10 and metals for the Hayden and Winkelman stations. Seven samples at the Hayden 
station and five samples at the Winkelman station were collected during these shutdown 
periods. This section briefly evaluates the changes in concentrations when the smelter was 
not operating, with a focus on PM10 and metals. 

Table 4-35 presents the average concentrations measured during the two shutdown periods.  
The measured concentrations of PM10 at the Hayden station during the smelter shutdown 
periods ranged from 1.16 µg/m3 to 29.53 µg/m3, and the arithmetic mean value was 
19.5 µg/m3, which is 52% of the arithmetic mean for PM10 of 37.7 µg/m3 for the entire 
monitoring period (October 22, 2006, through November 7, 2007). During the shutdown 
periods, arsenic concentrations ranged from non-detect to 0.0079 µg/m3 with an arithmetic 
mean value of 0.004 µg/m3, which is just 17% of the arithmetic mean arsenic concentration 
of 0.0239 µg/m3 for the entire monitoring period. The average Arsenic to PM10 ratio during 
shut down period was 0.0003, well below the ratio of 0.003 during the entire monitoring 
period. 

Similarly, the measured concentrations of PM10 at the Winkelman station during the smelter 
shutdown periods ranged from 2.19 µg/m3 to 12.47 µg/m3. The arithmetic mean value was 
6.88 µg/m3, which is 34% of the arithmetic mean of 20.2 µg/m3 for the entire monitoring 
period. During the smelter shutdowns, arsenic concentrations ranged from non-detect to 
0.0044 µg/m3 with an arithmetic mean value of 0.0024 µg/m3, which is 30% of the arithmetic 
mean arsenic concentration 0.008 µg/m3 for the entire monitoring period. The average 
Arsenic to PM10 ratio during the shut down period was 0.0004, below the ratio of 0.003 
during the entire monitoring period. On March 31, 2008, when smelter was shut down and 
wind direction was from northwest (from smelter facilities) no elevated Arsenic to PM10 
ratio was measured. The measured concentrations of arsenic, copper, lead and cadmium 
were also below the average measured values for each metal at the Winkelman station on 
this day.  
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The arithmetic mean concentration of cadmium, copper and lead also were significantly less 
at both the Hayden and Winkelman monitoring stations during the smelter shutdown 
period, compared to the arithmetic mean values over the entire monitoring period. 

During the days of the smelter shutdown when the samples were collected at Hayden 
station, the wind speed was measured as moderate. None of the days during this shutdown 
period displayed a wind direction from the smelter facilities to the Hayden monitoring 
station. No precipitation was measured on any of the shutdown days. 

During the days of the smelter shutdown when samples were collected at the Winkelman 
Station, the wind speed was measured as moderate. For four out of five days of monitoring, 
wind blew partially from the northwest (smelter facility direction). No precipitation was 
measured on any of the shutdown days. 

4.5.2.4 Precipitation 
Daily precipitation data were manually recorded during the monitoring period, using a rain 
gauge at the Winkelman station. From October 2006 through September 2007, there were a 
total of 10 days with daily precipitation of 0.1 to 1.8 inches. Among the total of 10 
precipitation days, 4 occurred 1 or 2 days before the sampling, and 2 occurred on the day of 
the sampling. The time and duration of each precipitation event was not recorded. At the 
Hayden station, none of the samples collected on or immediately after the days with 
precipitation had elevated PM or metal concentrations. At the Winkelman station, elevated 
arsenic to PM10 concentration ratio were observed on February 13, 2007, and April 26, 2007, 
with total daily precipitation of 0.1 inch and 1.8 inches recorded on these two days, 
respectively.  

Precipitation would reduce or deplete the particulate matter from the ambient air, and the 
damp soil would limit the ground-level fugitive dust emissions. However, there are many 
other factors that would affect the PM and metal concentrations at the monitoring stations 
and it is difficult to relate the 24-hour average PM and metal concentration changes to the 
relatively short time precipitation event. More detailed data, such as hourly PM and metal 
concentrations as well as hourly precipitation data will be required to identify any possible 
effects of precipitation on the PM and metal concentration changes at the two stations.  

Precipitation is not being monitored at the ADEQ Hayden Jail Monitoring Station. 

4.5.3 Fate and Transport 
Three primary source categories can contribute to the PM10 and metal concentrations at 
Hayden and Winkelman stations. One category is mechanically generated emissions from 
the raw material handling equipment at the concentrator operations, such as the hoppers, 
crushers, and the conveyors. The second category includes wind reentrained dusts emission 
from the surrounding areas (including tailings impoundments). The third category is 
emissions from the smelting processes at the smelter facility. The emissions at the smelter 
occur from the stacks as well as the uncaptured low level fugitive emissions from the 
smelter buildings. The PM10 and metal concentrations may be attributed to all three source 
categories. The contribution from each source may vary depending on the meteorological 
conditions, the equipment operating conditions, and emission rates.  
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For this evaluation, only the top-elevated concentrations were evaluated to identify the 
possible sources that may have significantly contributed to the PM10 and metal emissions. 
Emissions impacts from the smelter main stack were not included in this evaluation. 
Although the 1,000-foot-high main stack at the smelter facility has large amounts of PM10 
and metal emissions, the contributions of the main stack emissions to the locally monitored 
concentrations are expected to be relatively low (possibly insignificant) because of the very 
high stack height, which greatly helps the dispersion. In addition, the monitored wind 
profiles near ground level at the two stations would likely be significantly different than 
those at the 1,000-foot height, and thus cannot be used to predict the impacts from the main 
stack emissions.  

In general, the elevated PM10 values were found on the days with relative higher wind 
speeds; however, the highest values were not found on the days with highest wind speed. 
The highest PM10 concentration at Hayden and Winkelman monitors occurred on June 1 and 
March 27, 2007, respectively, when the wind directions were from the tailings 
impoundments and the track hopper, CF and Conveyor 9 area toward the monitoring 
stations. Because the wind was not blowing from the smelter facility (as it was on other days 
with elevated PM10 and metals concentrations), it is reasonable to assume that the major 
sources of the highest PM10 concentrations at the two stations were the fugitive dust 
emissions from the material handling activities and/or from the tailings impoundments and 
surrounding open spaces with exposed soils. However, lower PM10 concentrations were also 
found on other days when wind was blowing from the material handling facility and the 
tailing impoundments, but this may be attributed to lower wind speeds.  

The PM10 concentrations observed at Hayden station were generally higher than at the 
Winkelman station, indicating that the top contributing sources are located closer to the 
Hayden station. However, an accurate determination of the major contributors to the PM10 
concentrations is difficult without using additional analytical tools or specific source-area 
sampling instruments.  

The elevated PM10 emissions on June 1 and March 27, 2007 did not coincide with elevated 
arsenic, lead, or cadmium concentrations monitored at the Hayden and Winkelman stations, 
indicating that the fugitive dust emissions from areas to the west of the monitoring stations 
were unlikely to be the top contributor for arsenic and lead.  

The arsenic and lead data generally show the same trend of concentration changes, and their 
concentrations were elevated on the same days when the smelter facilities were upwind of 
the monitors. In addition, arsenic to PM10 ratios were much higher on the days with 
elevated arsenic concentrations. The PM10 emissions from the smelter facility would likely 
contain higher arsenic content compared to the fugitive dust emissions from the material 
handling or tailings impoundment (wind erosion) areas. The higher arsenic to PM10 ratio 
indicates that the major sources for elevated arsenic and lead concentrations are likely the 
process generated emissions from the smelter facilities.  

The elevated copper concentrations generally occurred both on the days with elevated 
arsenic and lead concentrations, as well as on the days with the highest PM10 (and lower 
arsenic and lead) concentrations. These results indicate that copper detected at the Hayden 
and Winkelman stations may be mostly attributed to the process generated emissions from 
the smelter facility. However, emissions from copper ore crushing and transporting and 
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reentrainment from surrounding areas can also contribute to high ambient air 
concentrations of copper. 

Most of the elevated chromium concentrations occurred on the days with elevated PM10 
concentrations. Overall, the chromium concentrations were not elevated on the days with 
elevated arsenic and lead concentrations. Therefore, it seems the major contributor to the 
elevated chromium concentrations were similar to PM10. 

According to a RCRA inspection report in 2000, non-concentrate feed stock (Cottrell dust, 
cyclone dust, converter hood dust, and baghouse dust bags) to the smelter contained high 
(displayed RCRA Toxicity Characteristics) levels of lead and cadmium. Soil and materials 
sampling by EPA for total metals (Figure 1-4) around the smelter also indicates high 
concentrations (well above the PRG) of arsenic, copper, lead, cadmium, and chromium. 
These materials may be a source of elevated concentrations of metals in air. 

4.5.4 Overall Summary of Data and Comparison with Background 
Table 4-35 provides a comparison of measured metals concentration and PM10 concentration 
at the Hayden and Winkelman stations with the measured concentrations at the background 
Organ Pipe station. The average PM10 concentrations at Hayden and Winkelman stations 
were approximately 2.36 and 1.26 times higher, respectively, than average PM10 

concentrations at the Organ Pipe station. Arsenic and cadmium were not found above 
MDLs at the Organ Pipe station . However, the average concentrations of arsenic and 
cadmium in Hayden were about 40-80 and 7.55 times the Organ Pipe station MDLs, and 
exceeded the PRG levels by a factor of 53 and 4, respectively The average ambient air 
concentrations of copper, lead, and chromium at the Hayden station were 510, 64, and 4 
times higher, respectively, than average levels at the Organ Pipe station. Finally, the average 
ambient air concentration of copper, lead, and chromium at the Winkelman station were 
203, 17, and 2 times higher, respectively, than average levels at the Organ Pipe station.  

In summary, the concentrations of PM10 and metals in the Hayden and Winkelman stations 
exceed background levels. The PM10 concentrations in the Hayden station samples are about 
twice the levels in the Winkelman station samples. The concentrations of arsenic, copper 
and chromium are about 2.5 times higher in Hayden station samples compared to 
Winkelman station samples. Finally, lead and cadmium concentrations in Hayden station 
samples are about 3.5 times higher than levels in Winkelman station samples.  

4.6 Interior Dust 
This section presents the results of a limited residential indoor dust investigation. The 
indoor dust samples were collected from Hayden and Winkelman properties during field 
activities conducted on February 23, May 17, and May 18, 2006. A total of 22 residential 
locations were selected, which consisted of 18 homes in Hayden and four homes in 
Winkelman. Dust samples were collected from the indoor living space at each location, and 
where possible, the attic. The sampling method conducted was judgmental in that if dust 
could be seen at specific locations within the homes it was vacuumed to create a sample (as 
opposed to random or gridded sampling methods). Some locations did not include attic 
dust sampling because the home either did not contain an attic or the attic was not easily 
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accessible. From the 22 locations, 33 investigative samples were collected, which consisted of 
22 indoor dust samples (one from each home) and 11 attic dust samples.  

4.6.1 Hayden Indoor and Attic Dust Results  
The Hayden dust sampling effort included the collection of dust samples from indoor 
occupied areas at 18 homes, and collection of attic dust samples from nine of the 18 homes. 
Table 4-36 presents the data for the Hayden dust samples, with comparison against Arizona 
R-SRLs. Figure 4-61 presents the dust results for arsenic, copper, and lead at the residences 
sampled in Hayden. 

In Hayden, 16 of 18 indoor dust samples exceeded the arsenic R-SRL of 10 mg/kg, 14 of 
18 indoor dust samples exceeded the copper R-SRL of 3,100 mg/kg, and 8 of 18 samples 
exceeded the lead R-SRL of 400 mg/kg. All nine attic dust samples collected in Hayden 
exceeded the R-SRLs for arsenic, copper, and lead. 

As shown in Figure 4-61, the highest detected arsenic and copper concentrations of 
259 mg/kg and 34,600 mg/kg, respectively, were detected in the same attic dust sample 
(parcel 101-07-061 in Zone 9). The highest lead concentration of 88,600 mg/kg was detected 
in an indoor dust sample (parcel 101-07-046 in Zone 10). Generally, higher concentrations of 
metals were found in the attic dust sample relative to indoor dust samples, and higher 
indoor and attic dust sample concentrations were found in residences located closer to 
active concentrator operations. 

There were very limited exceedances of the R-SRL for other metals in dust samples. As 
shown in Table 4-36:  

• Cadmium concentrations in three dust samples (parcel 101-07-029 in Zone 10 at 
85.7 mg/kg [indoor], parcel 101-07-061 in Zone 9 at 51.4 mg/kg [attic only], and parcel 
101-07-111 in Zone 6 at 465 mg/kg [indoor]) exceeded the R-SRL of 38 mg/kg. The 
Zone 6 concentrations are notably elevated compared to other cadmium detections.  

• The aluminum concentration in one Hayden indoor dust sample (parcel 101-07-111 in 
Zone 6) exceeded the R-SRL. 

• The antimony concentration in one indoor dust sample (parcel 101-07-111 in Zone 6) 
exceeded the R-SRL. 

• The vanadium concentration in one indoor dust sample (parcel 101-07-111 in Zone 6) 
exceeded the R-SRL. 

• Finally, the zinc concentration in one indoor dust sample (parcel 101-09-111B in Zone 16) 
exceeded the R-SRL.  

• Tables 4-37 through 4-39 provide a comparison of attic and indoor dust sample results 
with surface soil sample results collected in the yards of the homes for arsenic, copper, 
and lead, respectively. In addition to presenting the 95% UCL (which was determined 
using all nine surface soil sample results collected in the yard), the metals concentrations 
from the surface soil sample collected closest to the entrance or near the side or back 
entrance results are provided. Figures 4-63 through 4-65 provide a comparison of the 
attic and indoor dust sample results with the outdoor surface soil results (one figure 
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representing arsenic concentrations, one for copper, and two for lead). For lead, dust 
sample results for three of the parcels are presented in a separate figure (Figure 4-66) 
because the lead concentrations detected were elevated. Figure 4-63 excludes parcel 101-
07-089T because the elevated arsenic concentration in surface soil made the scale on the 
figure too large making it difficult to see the differences in concentrations at the other 
parcels. The following observations can be made from the dust results comparison tables 
and figures: 

• The attic dust results for arsenic and copper are generally higher for most homes than 
the indoor dust and soil results and as stated above, all nine attic dust samples collected 
in Hayden exceed screening levels. 

• For copper, four of the attic dust samples were greater than (generally by a factor of 2) 
the indoor dust samples collected from the same home. Five of the attic dust samples 
have indoor dust results that are significantly higher than their corresponding attic dust 
sample results.  

• Indoor dust and outdoor soil concentrations for arsenic are similar for many of the 
parcels. However, for a few parcels, the arsenic concentrations between the two media 
are very different. Two of these parcels with widely divergent results include parcel 101-
07-089T where the indoor dust arsenic is 49.7 mg/kg and surface soil arsenic is 
540 mg/kg (see Table 4-40 and parcel 101-07-111 where the indoor dust arsenic is 
209 mg/kg and surface soil arsenic is 15.3 mg/kg. 

• For copper, 10 homes have higher surface soil results than indoor dust results and seven 
homes have higher indoor dust results than surface soil results.  

• For lead, concentrations are high for both indoor dust and outdoor soil at parcels 
101-07-070, 101-09-077 and 101-09-106. The indoor dust sample collected from 101-07-046 
is extremely high (88,600 mg/kg) and the outdoor surface soil sample results was a more 
moderate level of 734 mg/kg. 

4.6.2 Winkelman Indoor and Attic Dust Results 
The Winkelman dust sampling effort included the collection of dust samples from indoor 
occupied areas at four homes, and collection of attic dust samples from two of the four 
homes. Table 4-36 presents the data for the Winkelman dust samples, with comparison 
against Arizona R-SRLs. Figure 4-62 presents the dust results for the residences sampled in 
Winkelman. 

In Winkelman, only one of the four indoor dust samples (parcel 101-12-093 in Zone 20 at 
10.2 mg/kg) slightly exceeded the arsenic R-SRL, and no indoor dust samples exceeded the 
copper or lead R-SRLs. Both attic dust samples collected in Winkelman exceeded the R-SRLs 
for arsenic (with a maximum concentration of 54 mg/kg at parcel 101-12-241 in Zone 24), 
but neither exceeded the copper and lead R-SRLs. Additionally, as shown in Table 4-36, the 
indoor dust sample at parcel 101-12-093 in Zone 20 had aluminum and antimony 
concentrations above the R-SRL. Antimony was also above the R-SRL in an attic dust 
sample at parcel 101-12-241 in Zone 24. 
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• Tables 4-37 through 4-39 provide a comparison of attic and indoor dust sample results 
with surface soil sample results collected in the yards of the homes where the dust 
samples were collected for arsenic, copper, and lead, respectively. In addition to 
presenting the 95% UCL (which was determined by using all nine surface soil sample 
results collected in each yard), the metals concentrations from the surface soil sample 
collected closest to the entrance or near the side or back entrance results are provided. 
Figures 4-67 through 4-70 provide a comparison of the attic and indoor dust sample 
results with the outdoor surface soil results. The following observations can be made 
from the dust results comparison tables and figures: 

• All of the Winkelman indoor dust samples (collected from four homes) have arsenic 
results that are below the Winkelman Site-specific background level (Qo) for arsenic of 
12.5 mg/kg.  

• The attic dust sample results show higher concentrations of arsenic than the indoor dust 
sample results. One attic dust sample result exceeds the risk-based soil screening level of 
48 mg/kg. The second attic dust sample is closer to background levels. 

• The arsenic results for surface soil and indoor dust are similarly low (below Site-specific 
background levels).  

• All attic and indoor dust sample results for copper and lead are below the Arizona 
R-SRLs.  

4.6.3 Fate and Transport 
The sources of dust found in residences are many and varied. There are ASARCO-related 
sources including mechanically generated emissions from the raw material handling 
equipment such as the hoppers, crusher, and the conveyors, wind or vehicle reentrained 
dusts emission from the surrounding areas (including tailings impoundments), and 
emissions from the smelting processes at the smelter facility (miscellaneous sources). Metals 
in house dust may be derived from metals in outdoor dust and soil as well as from ambient 
air lead (including previously deposited lead resuspended into ambient air). The indoor 
dust samples would be expected to represent shorter term depositional activity, whereas the 
attic dust samples would be expected to represent longer-term, historical accumulations. 
This is reflected in the generally higher concentrations in the attic dust samples compared 
with the indoor dust samples. 

The concentrations of arsenic, copper, and lead in the dust samples are markedly higher in 
the Hayden residences compared with the Winkelman residences. Nearly all indoor and 
attic dust samples collected in Hayden had concentrations of arsenic, copper, and lead 
above the R-SRL. Concentrations generally decline in homes located further from the 
concentrator operations, and results from parcel 101-07-049 in Zone 4 showed the lowest 
concentrations of any indoor samples in Hayden. The homes adjacent to Conveyor 9 and 
near the concentrator are more exposed to fugitive dust emissions from the material 
handling activities and process generated emissions from the smelter facility.  
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4.7 Ecological Investigation 
As part of the RI, a reconnaissance-level ecological evaluation was conducted. The 
ecological evaluation was used to support the Screening Level Ecological Risk Assessment 
(SLERA). The SLERA findings are summarized in Section 5.2, and the complete SLERA 
Report is included in Volume 3 of the RI Report. The following activities were conducted 
during the ecological evaluation: 

Characterize terrestrial habitats in the study area 

Characterize aquatic habitats in the study area 

Characterize terrestrial and aquatic habitats in a reference area, for comparison to the 
study area 

These characterizations in the study and reference areas include general habitat mapping 
and wildlife observations, and were generally conducted according to guidance for 
ecological assessments provided by EPA (1997). 

The ecological investigation was conducted on April 27 and 28, 2006. Representatives from 
EPA, AFGD, USFWS, and ASARCO were present on one or both days of the investigation. 
The locations of the sites surveyed are shown in Figure 4-70 and the results of habitat and 
wildlife observations for each area are summarized in Table 4-40 (see Appendix I for 
checklists recording the complete terrestrial and aquatic habitat observations).  

4.7.1 Habitat Observations 
Stressed upland vegetation was observed at two locations, GR04 and GR10. Dead 
cottonwoods were observed at GR-04 (see photo GR04-3 in Appendix I). These trees were 
upland and quite a distance from the river and were not included in the evaluation of the 
river. Other vegetation around the cottonwoods did not appear to be stressed. The cause of 
the dead cottonwoods is unknown, but may have been due to changes in access to water. At 
GR10, multiple instances of shrubs with brown, chlorotic, or otherwise stressed foliage were 
observed (see photo GR10-Stress1, GR10-Stress2, and GR10-Stress3 in Appendix I). Potential 
causes were not readily apparent. 

4.7.2 Wildlife Observations  
Because of how close the project area is to the Gila and San Pedro Rivers, a variety of 
reptilian, mammalian, and avian species is supported. The mammal community observed at 
the Site includes small herbivorous species (desert cottontail, pocket mouse, and antelope 
squirrel); a number of larger omnivores and predators (fox, bobcat, and coyote); and large 
herbivores (feral horse and mule deer). The bird community is diverse with particular bird 
communities associated with specific plant communities and seasons. Common herbivorous 
and insectivorous birds observed included a variety of sparrows and finches, phainopepla, 
red-winged blackbird, and cliff swallows. Birds of prey include Swainson’s hawk and 
turkey vulture. It should be noted that the Gila-San Pedro River confluence (a central 
portion of the project area), is a key portion of the breeding range for the federally 
endangered southwestern willow flycatcher. (No southwestern willow flycatchers were 
observed during the field surveys.) 
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Although no reptiles were observed during the Site visit, the species diversity of reptiles at 
ASARCO is likely high, typical of the southwestern desert environment. Amphibians may 
also be abundant; however, amphibians are seasonal in their occurrence outside of the 
permanent rivers and streams. 

4.8 Geotechnical Evaluation 
A limited, reconnaissance-level geotechnical evaluation of Tailings Impoundments AB/BC 
and D was conducted on May 1, 2007. The evaluation consisted of the following tasks: 

Step 1 - Review available existing information on the construction and operation of 
Tailings Impoundments AB/BC and D.  

Step 2 - Site reconnaissance of impoundments by a CH2M HILL geotechnical engineer. 

Step 3 - Perform general slope stability analyses of the impoundments. 

Step 4 – Prepare technical memorandum with findings and conclusions. 

The outcome from Step 4 was preparation of a technical memorandum entitled, “Limited 
Geotechnical Evaluation of Tailings Impoundments AB/BC and D” (CH2M HILL, 2007b), 
which is included in Appendix G. This section presents a brief summary of the procedures 
and results of the geotechnical evaluation. 

4.8.1 Review of Existing Information 
CH2M HILL reviewed several previous reports documenting the results of subsurface 
investigations, laboratory testing, and engineering analyses for the tailings impoundments. 
Copies of key reports were obtained from ASARCO during a scheduled records review at 
the ASARCO Hayden office on March 16, 2007. The technical memorandum in Appendix G 
presents detailed information from these reports. 

4.8.2 Site Reconnaissance 
CH2M HILL personnel were escorted by ASARCO personnel to the tailings impoundments 
during the reconnaissance. Tailings Impoundment AB/BC was initially observed, followed 
by Tailings Impoundment D. No invasive soil sampling, testing, or field measurements 
were conducted during the reconnaissance. 

The reconnaissance was conducted by driving around the impoundments along the crest 
and base of Tailings Impoundment AB/BC and stopping at various locations, including 
where decant lines intersect berms, to conduct closer observations, and to take photographs. 
Observations at Tailings Impoundment D were completed along the base (northwest side) 
and along the backside (southwest) of the impoundment where current tailings merge into 
the existing topography.  

ASARCO personnel reported that impounded water is removed via siphon flow when 
accumulated to a minimum depth of approximately three feet. CH2M HILL did not observe 
downstream seepage or significant cracking along the top of and parallel to the crest of the 
tailings impoundments. Such features are indicative of major slope movements. No 
evidence of slumps on the sides of the impoundments was observed. ASARCO indicated 
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that French drains installed to control historical seepage along the toe of the southwest side 
of Tailings Impoundment AB/BC (AB portion) are no longer producing measurable 
amounts of seepage. 

Major erosional features were observed along the slope face at both impoundments. These 
features seemed especially prevalent along the southwestern sides of Tailings 
Impoundment AB/BC, though erosion in this area may appear more severe because of 
ongoing erosion repairs being conducted by ASARCO. At several locations, erosional gullies 
are sufficiently deep to have created small caves below the tailings surface. Erosional gullies 
and dropouts were being backfilled with furnace slag in select areas along this side of the 
impoundments. The slag is underlain by a drainage geotextile, according to ASARCO. 

Close observations of the outer toe of Tailings Impoundment AB/BC (AB portion) were also 
conducted, along the Gila River bank near the North Emergency Tailings Pond. No active 
erosional undercutting of the pond berms or the impoundment berm was noted. Riprap 
from three to four feet in diameter has been placed along the southeast side of the 
emergency pond. Riprap placed north of this area along the riverbank was noticeably 
smaller, consisting of stone and concrete rubble. Moderate to heavy vegetation covers this 
area in many places, making the size and placement of rip rap difficult to verify. It appears 
that all riprap observed has been randomly placed. ASARCO reported that maintenance of 
riprap occurs during the brief period each year (typically in November) when releases to the 
Gila River from the upstream reservoir cease, which allows equipment access along the 
riverbank. 

The most significant observation made at both impoundments during the reconnaissance is 
the extensive surface erosion of the tailings, and probable impacts to localized surficial slope 
stability as a consequence of this erosion.  

4.8.3 Stability Analyses Procedures 
Eight cross sections were prepared and analyzed for slope stability analysis, four at Tailings 
Impoundment AB/BC and four at Tailings Impoundment D. The locations were selected 
based on a review of previous studies, findings from the site reconnaissance, and the 
potential for overall impacts to the Gila River flood plain associated with potential slope 
failure. The cross sections used in the stability analyses were generated electronically from 
the most recent topographic map of the impoundment areas, and were modified based on 
estimated elevation changes to the present time.  

The slope stability analyses performed considered the overall (global) stability of slopes 
using circular and wedge shaped failure planes. Localized circular failure planes were also 
considered and analyzed separately. The calculations were performed using the limit 
equilibrium computer program SLIDE v.5.0 (Rocscience Inc. Users Guide 1989-2003). The 
critical slip surface for each major slope is shown on the results of analyses. Results of slope 
stability analyses are presented in Appendix G. 

The Arizona Mining Guidance Manual, BADCT (ADEQ, 2004), which presents the State’s Best 
Available Demonstrated Control Technology (BADCT) guidance, was reviewed to 
determine the minimum slope stability factor of safety for the tailings impoundment slopes. 
Where Site-specific test results are not available, factors of safety of 1.5 and 1.1, respectively, 
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are required. BADCT also requires a slope deformation analysis if environmental impacts 
are potentially imminent under failure conditions, which was considered in the evaluations.  

4.8.4 Findings and Conclusions 
Stability 

From the results of the global stability analyses performed for the impoundment slopes, the 
overall stability of the slopes of Tailings Impoundments AB/BC and D appears to be 
adequate under static and pseudostatic conditions. Based on conservative assumptions, the 
anticipated displacement of Tailings Impoundment AB/BC slopes during a seismic event is 
in the order of two to three feet. Such a displacement is not expected to impact the Gila 
River flood plain, however, because these major slopes are located about 100 to 200 feet 
from this flood plain area.  

The mine tailings are highly erodible, consisting of cohesionless fine sands and silts. This is 
evident by observations of the impoundments, and should require a constant maintenance 
effort for ASARCO to address. ASARCO has implemented controls such as placement of 
coarse furnace slag and geotextiles in repaired areas, which appears to help within the areas 
of application. However, until sloped areas are regraded as needed and completely covered 
with some form of erosion protection, significant erosion is expected to continue. 

The stability analyses conducted during the RI was limited, because it was based on 
recommendations and findings from previous studies, and included no additional field 
sampling to support more detailed evaluations. Nevertheless, ASARCO has not reported 
major slope failures, with exception for surficial erosion, since modifications were made to 
the impoundments as a result of global slope failures in late 1972 and early 1973.  

Riverbank Erosion 
Riverbank erosion near Tailings Impoundment AB/BC is a potential threat impacting the 
stability of the mine tailings and ecosystem along the Gila River flood plain. Based on the 
Site reconnaissance, ASARCO has taken steps to control riverbank erosion. This includes 
placement of riprap combined with annual inspection of the riverbank to assess and plan 
needed repairs. As noted in the site reconnaissance, the riprap appears to be randomly 
placed. The size of the riprap located near cross section A-A’ is estimated to be nominally 
three to four feet in diameter. Stones of this size placed on a 2H: 1V slope can resist flow 
velocities of approximately 18 to 20 feet per second (fps), according to hydraulic design 
criteria charts published by the United States Army Corps of Engineers (USACE). Smaller 
rocks and rubble noted further downstream along the riverbank would resist river flow in 
the range of 8 to 10 fps.  

Overall Conclusions 
Based on the reconnaissance, review of pertinent engineering reports, and stability analyses, 
the following conclusions are made: 

• Global stability analyses of the impoundment slopes indicate that the minimum slope 
stability factors of safety are achieved. 
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• Localized slope instability related to erosion and surface saturation of the tailings is 
possible. If left unchecked, larger stability issues could develop from localized slope 
failures. 

• Deformation analyses indicate that global slope deformations along Tailings 
Impoundment AB/BC could be in the range of two to three feet during a maximum 
credible earthquake event. Though unlikely to occur, these deformations are not 
expected to directly impact the Gila River flood plain. 

• Riverbank erosion poses the greatest potential threat to the overall stability of Tailings 
Impoundment AB/BC, and corresponding impacts to the Gila River flood plain. 

• Additional field investigation is recommended for a more detailed evaluation. This 
should include continuous borings or cone penetration soundings to determine the 
presence, depth, and thickness of any relatively thin weak bedding layers. Additional 
groundwater level measurements should be collected to determine the current level of 
the phreatic surface within the impoundments. 

• Current berm elevations along the Gila River near Tailings Impoundment AB/BC 
should be compared to the maximum water surface elevation for the 100-year flood 
event within the Gila River flood plain. The berms should be sized to provide at least 
three feet of freeboard to protect against overtopping as a result of the 100-year flood 
event. 

• Riprap placed along the river channel should be engineered and constructed to resist the 
expected flood flow velocities. If current riprap is adequate, ASARCO should provide 
evidence such as engineering calculations prepared by an Arizona-registered 
professional engineer 

4.9 Surveying and Mapping 
To improve accuracy and efficiency and reduce RI costs, handheld GPS units were used to 
establish the locations of sampling points. This was intended to reduce data gaps, reduce 
land surveying costs, eliminate post collection data entry, and standardize data collection.  

A Trimble GeoXT handheld GPS unit was used during the field effort. This high-end 
resource-grade GPS mapping system is capable of collecting post processed differential GPS 
data with specified accuracy of 0.5-meter or submeter root means square. This unit also 
employed Everest Multipath Rejection Technology, which reduces the chances of positional 
errors due to multipath. For each sampling location, a minimum of six satellites were locked 
on the GeoXT to ensure accuracy. 

Also, an Arizona licensed land surveyor (Engineering and Environmental Consultants, Inc. 
[EEC]) was retained to obtain location and elevation coordinates for the newly installed 
monitor wells. In accordance with contract requirements, the coordinate system was 
Arizona State Plane Coordinate System, NAD 83, and the vertical datum was NAVD88. 
Surveying coordinates were measured to the nearest 0.01 foot.  



4.0 REMEDIAL INVESTIGATION RESULTS 

ES022008005PHX 4-67 

4.10 Data Validation 
The results of data validation and data evaluation are presented in Sections 3.3.2 and 3.3.3 of 
this RI Report.  
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SECTION 5 

Risk Assessment 

5.1 Human Health Risk Assessment 
A baseline human health risk assessment (HHRA) was prepared for EPA in support of the 
RI, to address potential exposure to contamination associated with the ASARCO Site in 
Hayden, Arizona. The HHRA presents the potential for current and future cancer risks and 
non-cancer health hazards to people who may be exposed to contaminants from the Site. 
Results from the HHRA will be one of the factors that EPA uses to determine if cleanup 
actions are warranted at the Site.  The complete HHRA is presented in Volume 2 of this RI 
Report, and this section presents a summary of the procedures and conclusions. 

5.1.1 Risk Assessment Methodology 
The HHRA was prepared in a manner consistent with EPA’s Risk Assessment Guidance for 
Superfund, Parts A, B and E (see HHRA for complete references).  The exposure 
assumptions provided for the general public by EPA and incorporated into the HHRA are 
conservative (i.e., representative of the highest exposure that is reasonably expected to occur 
at a site) and thus, health-protective. 

The HHRA is a baseline evaluation which assumes exposure to contaminated media under 
current conditions without consideration of future remediation or natural attenuation of 
chemicals. 

5.1.2 Data Collection and Data Evaluation 
Samples of environmental media such as soil, air, and water were collected in order to 
characterize the nature and extent of contamination from the Site. The data evaluation step 
consists of reviewing and evaluating available data. Data evaluation allows for the 
identification of COCs. Based on data collected historically and during the RI, COCs 
selected for each media include: 

• Soil and dust (indoor and attic dust) – arsenic, copper, and lead. 

• Air – arsenic, cadmium, chromium, copper, and lead. 

• Groundwater – metals (aluminum, antimony, arsenic, cadmium, iron, manganese, 
molybdenum, selenium, uranium, vanadium), radionuclides, VOCs, and SVOCs. 

• Surface water – arsenic, aluminum, iron, lead, manganese, and vanadium. 

• Sediment – arsenic, copper, iron, lead, manganese, and vanadium. 

Data were collected and evaluated separately for each of the various media that were 
evaluated in the HHRA. A detailed discussion of the data collected for the RI and used in 
the baseline HHRA is presented in Section 4.0. The analytical data were reviewed according 
to the data evaluation procedures specified in EPA guidance documents. These procedures 



5.0 RISK ASSESSMENT 

5-2 ES022008005PHX 

5.1.3.1 

include evaluation of the analytical methods, quantitation limits, qualified data, blank 
contamination, and comparison with background concentrations.  

5.1.3 Exposure Assessment 
Exposure assessment is the determination or estimation of the magnitude, frequency, 
duration, and route of exposure. Exposure assessments may consider past, present, and 
future exposures, using varying assessment techniques for each phase. The objective of the 
exposure assessment is to estimate the type and magnitude of exposures to COCs that are 
present at or migrating from a site.  

The three primary steps in exposure assessment are identification of exposed populations, 
identification of exposure pathways, and quantification of exposure. A conceptual site 
model (CSM) is a tool used to assist with the identification of potential exposure media, 
human receptors, and exposure pathways. The CSM developed for human exposures 
(Figure 1-6) indicates complete and potentially complete exposure pathways under current 
and reasonably likely future conditions. An exposure pathway is defined as complete when 
each of the five elements of a complete pathway is present: 

• A source of contaminants (e.g., smelter) 
• A release mechanism (e.g., stack emissions) 

− A secondary source (e.g., off-facility soil) 
− A secondary release mechanism (e.g., soil adhering to shoes) 

• An exposure medium (e.g., soil, indoor dust) 
• A route of exposure (e.g., incidental ingestion, direct contact) 
• A receptor (e.g., residents of Hayden and Winkelman) 

Exposed Populations 
Residential receptors include residents of the towns of Hayden and Winkelman exposed to 
contaminated soil, air, groundwater, and indoor and attic dust. Adult and child residents 
were both evaluated; however, risk management decisions are usually made using 
risk/hazard results for the most sensitive receptor. For potential cancer risks, the most 
sensitive receptor is a resident who is exposed to contaminated media for six years as a child 
and 24 years as an adult. This health-protective approach is chosen to take into account the 
higher daily rates of soil ingestion in children, differences in body weight between adults 
and children, as well as the longer duration of exposure that is anticipated for a long-term 
resident. For potential non-cancer hazards, the most sensitive receptor is a child (0 to 6 years 
of age); therefore, although adult and child non-cancer hazards were estimated, non-cancer 
results for a child are discussed in this report.  

Other potential receptors exposed to soil include school children in schoolyards and parks, 
adult golfers at the local golf course, trespassers on ASARCO properties and other locations, 
and recreational visitors and anglers at the nearby Gila River and San Pedro River. Site-
specific exposure assumptions were developed for these receptors based on professional 
judgment made by EPA and CH2M HILL project personnel and an interview with a 
Winkelman resident about exposure-related activities of potential receptors in these areas. 
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Exposure Pathways 
Potentially complete pathways for the exposed populations may be associated with 
contaminated soil, air, groundwater, indoor and attic dust, and surface water and sediment 
from the San Pedro and Gila Rivers. Quantitative risks and hazards were evaluated for 
residents, trespassers, school children, and recreational visitors (including park users, 
golfers, swimmers, and anglers). Screening level or qualitative evaluations were completed 
for residential exposure to groundwater and indoor and attic dust. 

Exposure pathways evaluated for soil include incidental ingestion, direct contact, and 
outdoor dust inhalation (resuspended particulates) by residents, trespassers, school 
children, park users, and golfers. The exposure pathway evaluated for air includes 
inhalation of ambient air by a resident using air monitoring data from the Hayden and 
Winkelman air monitoring stations. Exposure pathways evaluated for surface water include 
incidental ingestion and direct contact using a recreational swimmer scenario. Exposure 
pathways evaluated for sediment include incidental ingestion and direct contact using a 
recreational angler scenario.  

Estimating Contaminant Intakes 
Exposure point concentrations (EPCs) for the COCs are used within the exposure 
assessment calculations to estimate potential chemical intake. For example, surface soil EPCs 
were calculated for each residential parcel or non-residential exposure area that was 
sampled. For soil, air, groundwater, surface water, and sediment, the EPC was either the 
95% upper confidence limit on the mean (UCL) or the maximum detected concentration for 
chemicals with the UCL exceeding the maximum concentration. For indoor and attic dust, 
individual sample results were compared with screening levels and associated soil results. 

Quantification of exposure includes evaluation of exposure parameters that describe the 
exposed population (e.g., contact rate, exposure frequency and duration, and body weight). 
Each exposure parameter in the equation has a range of values. The reasonable maximum 
exposure (RME) risk estimate was used in this HHRA. An RME is the “highest exposure 
that is reasonably expected to occur” and is estimated using a combination of average and 
upper-bound values of human exposure parameters (EPA, 1989). Chemical intake is 
calculated by using an appropriate equation that divides exposure variables by an 
averaging time. For non-carcinogenic compounds, the averaging time equals the exposure 
duration; whereas for carcinogenic compounds, the averaging time used is a lifetime, 
assumed to be 70 years (EPA, 1989). 

5.1.4 Toxicity Assessment 
The purpose of the toxicity assessment is to weigh available evidence regarding the 
potential for particular contaminants to cause adverse health effects in exposed individuals 
and to provide, where possible, an estimate of the relationship between the extent of 
exposure to a contaminant and the increased likelihood and/or severity of adverse effects. 
EPA has performed the toxicity assessment step for numerous chemicals and has made 
available the resulting toxicity information and toxicity values which have undergone 
extensive peer review. The derivation of toxicity values is a complex process that includes 
the evaluation of many factors relating to toxicological data including the type of exposure 
route, duration of exposure, dose administered, physiology of the species tested, and the 
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type of adverse health effect observed. In the toxicity assessment step, toxicity values are 
compiled that characterize potential adverse health effects from exposure to COCs. 
Uncertainty and modifying factors are commonly applied to toxicity values in order to 
account for uncertainties inherent in the process of relating laboratory toxicity data to 
relevant human exposure levels. 

Cancer and non-cancer effects are evaluated differently within the toxicity assessment 
process. For many non-carcinogenic effects, protective mechanisms are believed to exist that 
must be overcome before the adverse effect is manifested. A reference dose, or RfD, is the 
toxicity value used most often in evaluating non-cancer effects. Because variability exists in 
the human population, attempts are made to identify a sub-threshold level protective of 
sensitive individuals in the population. For most chemicals, this level can only be estimated.  

Carcinogenesis, unlike many non-carcinogenic health effects, is generally thought to be a 
phenomenon for which risk evaluation based on presumption of a threshold is 
inappropriate. For carcinogens, EPA assumes that a small number of molecular events can 
evoke changes in a single cell that can lead to uncontrolled cellular proliferation and 
eventually to a clinical state of disease. For carcinogenic effects, EPA uses a two-part 
evaluation in which the substance first is assigned a weight-of-evidence classification, and 
then a cancer slope factor is calculated. 

EPA has established a hierarchy of toxicity values to be used in the risk assessment process 
(EPA, 2003): 

• Tier 1—EPA’s Integrated Risk Information System (IRIS)  

• Tier 2—EPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs) 

• Tier 3—Additional EPA sources (e.g., historic Health Effects Assessment Summary 
Table (HEAST) and National Center for Environmental Assessment (NCEA) provisional 
values and non-EPA sources of toxicity information (e.g., California Environmental 
Protection Agency [Cal-EPA] toxicity values) 

Exposure to lead in soil was evaluated using a site-specific screening level generated by the 
California Department of Toxic Substances Control (DTSC) Lead Risk Assessment 
Spreadsheet Version 7, LeadSpread Version 7 (DTSC, 2002). This model calculates a 
screening level that represents a concentration of lead in soil for children that is protective 
for a combined exposure to lead in air, drinking water, food, and soil. For the residential 
lead evaluation, the most conservative (health-protective) screening level available from the 
LeadSpread model was selected (99th percentile) based on protection of children’s health. 

5.1.5 Risk Characterization 
The risk characterization step integrates the exposure assessment and toxicity assessment 
into quantitative expressions of risk. To characterize potential non-carcinogenic effects, 
comparisons are made between estimated intakes of substances and toxicity values. 
Potential carcinogenic effects are evaluated by calculating probabilities that an individual 
will develop cancer over a lifetime exposure based on projected intakes and chemical-
specific dose-response information. Potential excess lifetime cancer risk (ELCR) and non-
cancer hazard index (HI) were calculated for adult and child receptors for each exposure 
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area and medium. Human health risks are compared against the EPA risk management 
range of 10-6 to 10-4 for cancer risks and the HI benchmark of 1 for non-cancer hazards (EPA, 
1991b). Exposure areas with ELCRs less than 10-6 or HI less than 1 are characterized as not 
posing a threat to human health for the evaluated exposed populations and pathways.  

For the groundwater samples collected at Hayden and Winkelman, screening-level risks 
and hazards were estimated by the risk ratio method using EPA’s tap water PRGs.  

Risks/Hazards from Background Concentrations 
Details of the background data evaluation for soil are presented in a technical memorandum 
located in Appendix C, Volume I of the RI Report. The towns of Hayden and Winkelman 
are located on two different geologic settings. The soils in the Hayden area are located in the 
Tertiary Sediments (Ts) geological map unit, and the soils in the Winkelman area are in the 
older Quaternary deposit unit (Qo). Therefore, risk and hazard estimates for each geologic 
setting were prepared for comparison to the residential risks and hazards estimated for the 
residential parcels in each town and non-residential exposure areas. Ninety-five (95) percent 
upper tolerance limit (UTL) soil concentrations were derived from the Ts data set and were 
used in the background risk and hazard estimates for comparison to risk and hazard 
estimates from Hayden parcels; maximum concentrations of metals in Qo soil were used for 
the background risk and hazard estimates for the Qo data set for comparison to risk and 
hazard estimates from Winkelman parcels. The background risk and HI estimates for 
Hayden are 3 x 10-5 and 0.9, respectively. For Winkelman, background risk and HI estimates 
are 2 x 10-5 and 0.6, respectively.  

Air samples were not specifically collected for background purposes during the RI. 
However, air data from several of EPA’s IMPROVE network monitoring sites were 
evaluated to identify appropriate data sets to provide background levels for an area similar 
to Hayden, Arizona. Data from the IMPROVE Organ Pipe station over the period from 
January through December 2006 were selected to best represent background conditions for 
comparison to the Hayden and Winkelman air monitoring data. Arsenic and cadmium were 
not detected in any of the 15 Organ Pipe air samples used for the background data set. 
Therefore, the EPCs used in the background risk calculation for those metals were based on 
an average of the MDLs. The background risk estimate for air is 6 x 10-6. 

Risk and hazards from background levels were not calculated for groundwater, surface 
water or sediment. Site-specific background levels were not established for groundwater 
since upgradient monitoring wells do not exist at the Site. Therefore, the Site groundwater 
concentrations were compared with arsenic levels found in groundwater from an unaffected 
area of Maricopa County, Arizona (USGS, 2008). For radionuclides in groundwater, national 
background levels (USGS, 1998) were compared with Site radionuclide levels. For surface 
water and sediment, three samples for each medium were collected to represent 
background levels. The results from the samples collected downgradient of these 
background locations were compared and discussed.  

Risk and Hazard Estimates 
The following sections present the risk and hazard estimates from exposure to contaminated 
residential soil, nonresidential soil, air, groundwater, surface water, and sediment. 
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Residential Soil. The ELCRs and HIs for soil exposure for each residential parcel evaluated 
are calculated based on the arsenic and copper concentrations detected in soil. Out of the 
130 residential parcels evaluated, potential risks to residents due to direct contact with soil 
exceeded the EPA risk management range of 10-6 to 10-4 for six parcels in Hayden and one 
parcel in Winkelman. Eighty-three (83) of the parcels in Hayden and Winkelman have lead 
concentrations that exceed the site-specific screening level of 212 milligrams per kilogram 
(mg/kg). Risk and hazard estimates are based on the arsenic and copper concentrations 
detected in surface soil 

Residential Soil—Hayden. A total of 93 parcels in Hayden have estimated ELCRs that are 
within the risk management range, although all are at the upper end of the risk range 
(between 10-5 to 10-4). For non-cancer effects, 91 parcels show an HI that exceeds the 
threshold of 1, and only eight parcels have an HI that do not exceed that threshold. Seventy-
two (72) of the parcels evaluated in Hayden have lead levels higher than the site-specific 
screening level of 212 mg/kg.  

Elevated levels of lead are widespread in Hayden. No residential parcels in Hayden have 
lead EPCs lower than the background level of 47.9 mg/kg (for Ts). The majority of parcels 
(72) evaluated had EPCs higher than the site-specific lead screening level of 212 mg/kg. This 
site-specific screening level excludes the homegrown produce pathway. Nine of the 99 
parcels evaluated do not exceed the site-specific lead screening level of 122 mg/kg, which 
includes the homegrown produce pathway. Comparison to the Arizona R-SRL of 400 
mg/kg indicates that 45 of the parcels exceed this screening level.  

Residential Soil—Winkelman. In Winkelman, only one parcel (101-12-071) has an ELCR (2 x 
10-4) that exceeds the EPA risk management range. The other 30 parcels sampled in 
Winkelman have an ELCR that is within the risk management range. For non-cancer effects, 
28 parcels have an HI below the non-cancer threshold of 1 and three parcels exceed this 
threshold. The HIs for these three parcels range from 3 to 4. Eleven (11) parcels evaluated in 
Winkelman have lead concentrations that exceed the site-specific screening level of 
212 mg/kg. 

Non-Residential Soil. The non-residential exposure areas include six areas in the Hayden 
grouping, four areas in the Winkelman grouping, 14 areas associated with the ASARCO 
Properties grouping, and 11 areas in the Outlying Areas grouping.  

Non-Residential Soil—Hayden. All of the ELCRs for non-residential soils in the Hayden 
grouping are within or below the EPA risk management range (5 exposure areas are within 
and 1 is below). However, the non-cancer HIs exceed 1 for Power House Wash (HI = 2) and 
the Hayden Community Park/Library area (HI = 4). For both of these areas, the main 
contributor to the HI is copper. Each of the exposure areas has a lead EPCs less than the site-
specific risk-based screening level of 212 mg/kg (which excludes the homegrown produce 
pathway).  

Non-Residential Soil—Winkelman. The four exposure areas in the Winkelman grouping have 
estimated cancer risks that are within the EPA risk management range and non-cancer HIs 
that do not exceed the non-cancer threshold of 1. In addition, each of the four areas has a 
lead EPC that is less than the site-specific risk-based screening level of 212 mg/kg.  
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Non-Residential Soil—ASARCO Properties. The ELCRs at all of the exposure areas in the 
ASARCO Properties grouping are within the EPA risk management range with the exception 
of the East of Hillcrest Avenue area, which exceeds 1 x 10-4. However, the non-cancer HIs at 
all 14 of these exposure areas, except 5th Street Right-of-Way and Crusher Facility, exceed the 
non-cancer threshold of 1. HIs range from 2 (at the South of Mill Building exposure area) to 
28 (at the East of Hillcrest Avenue exposure area). Each of the 14 exposure areas has a lead 
EPC that exceeds the site-specific risk-based screening level of 212 mg/kg for lead. These 
areas include the Kennecott Smelter – North End, Kennecott Smelter Basin, Kennecott Smelter 
- Lime Plant, and Kennecott Smelter - South of Lime Plant; West of Administration Building; 
East of Hillcrest Avenue; and North of Mill Building exposure areas.  

Non-Residential Soil—Outlying Areas. All of the exposure areas in the Outlying Areas 
grouping have ELCRs that are within the EPA risk management range, although one of the 
areas (Slag Dump) is at the top of the range with an estimated cancer risk of 9 x 10-5. The 
non-cancer HIs do not exceed the non-cancer threshold of 1 except at the Slag Dump area 
where the HI is 31. Three of the 11 exposure areas have lead EPCs that exceed the site-
specific risk-based screening level of 212 mg/kg for lead. These areas include the Tertiary 
Sediments – South of Smelter, Slag Dump, and State Route 77 exposure areas. 

Air 
Estimated cancer risks are presented for arsenic, cadmium, and chromium detected in 
ambient air at the two air monitoring stations established as part of the RI. One air 
monitoring station is located in Hayden and the other station is located in Winkelman.  

Non-cancer inhalation reference doses were not available for the air COCs evaluated. 
Therefore, non-cancer hazards were not considered in this ambient air assessment. The 
concentrations of metals in air are significantly higher in Hayden when compared to 
Winkelman. Both Hayden and Winkelman have levels of metals in air that are significantly 
higher than background levels found at the Organ Pipe station. 

Air—Hayden. The ELCR from exposure to air in Hayden for arsenic, cadmium, and 
chromium is 1 x 10-4 which is at the upper end of the EPA risk management range. Of the 
total cancer risk, 80% of the risk contribution is from arsenic, 9% from cadmium, and 11% 
from chromium.  

The Hayden EPC for lead of 0.183 micrograms per cubic meter (μg/m3) is below the EPA 
NAAQS of 1.5 μg/m3 (quarterly average). This concentration is also within the range of 
EPA’s proposed revision to the lead NAAQS , which is 0.1 to 0.3 μg/m3. The Hayden EPC 
for copper of 1.3 μg/m3 exceeds the background air level for copper of 0.0028 μg/m3.  

Air—Winkelman. The ELCR calculated from arsenic, cadmium, and chromium data from the 
Winkelman air monitoring station is 4 x 10-5, which is within the EPA risk management 
range. Of the total risk, 64% is from arsenic, 6% from cadmium, and 30% from chromium.  

The Winkelman EPC for lead of 0.0281 μg/m3 is much less than the EPA NAAQS of 
1.5 μg/m3 (quarterly average) and also below the range of EPA’s proposed revision to the 
lead NAAQS, which is 0.1 to 0.3 μg/m3. The Winkelman EPC for copper of 0.36 μg/m3 
exceeds the background air level for copper of 0.0028 μg/m3. 
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5.1.5.4 Groundwater 
Chemicals and radionuclides were evaluated for risks and hazards using a quantitative 
screening level approach. Each evaluation is summarized in the sections below. 

Screening-Level Chemical Evaluation. The following are the screening-level results using the 
risk-ratio method for the individual groundwater data groupings: 

Drinking Water Aquifer: For residential exposure to drinking water from the aquifer, the 
ELCR is 2 x 10-4. Arsenic contributes 100% of the cumulative cancer risk. The non-cancer HI 
is 7 and manganese contributes more than 60% of the HI and is the only chemical that has a 
hazard quotient (HQ) that exceeds 1. 

Non-Drinking Water Aquifer: For exposure to groundwater from the non-drinking water 
aquifer which is located beneath industrial areas, the ELCR is 4 x 10-3. The primary risk 
driver is arsenic (99% of the cumulative cancer risk). The non-cancer HI is 35 and arsenic 
contributes almost 50% of the HI. Molybdenum contributes almost 10% of the HI. Arsenic, 
molybdenum, selenium, and vanadium have HQs that exceed 1.  

Hayden Municipal Supply Well and Manifold Samples: For exposure to groundwater from 
the Hayden municipal supply well and manifolds, the ELCR is estimated at 9 x 10-5, with 
arsenic contributing 100% of the total risk. The non-cancer HI is 2 with uranium contributing 
more than 50% of the HI, followed by arsenic (18%) and vanadium (11%). No individual 
chemical has an HQ that exceeds 1. 

Winkelman Municipal Supply Well and Manifold Samples: For exposure to groundwater 
from Winkelman municipal supply well and manifolds, the ELCR is 1 x 10-4 with arsenic 
contributing over 70% of the total risk in addition to chlorodibromomethane (13%) and 
bromodichloromethane (10%). The non-cancer HI is 2 with uranium contributing over 30% 
of the total HI, followed by arsenic (26%) and manganese (13%). No individual chemical has 
an HQ that exceeds 1. 

Tap Water: For exposure to tap water from the Hayden Library, the ELCR is 1 x 10-4 with 
arsenic as the only risk driver (100%). The non-cancer HI is 2 with uranium contributing 
41% of the total HI in addition to arsenic (28%), vanadium (16%), and molybdenum (13%). 
No individual chemical has an HQ that exceeds 1. 

For exposure to tap water from Winkelman Elementary School, the ELCR is 1 x 10-4 with 
arsenic as the only risk driver (100%). The HI does not exceed the non-cancer threshold of 1 
with uranium contributing 36% of the cumulative HI as well as arsenic (32%) and vanadium 
(17%). No individual chemical has an HQ that exceeds 1. 

Lead EPCs for all the data groupings were below the action level of 15 μg/L.  

Screening Level Radionuclides Evaluation. For completeness to the analytical suite, 
radionuclide analysis was included to evaluate groundwater quality. The following are the 
screening-level results using the risk-ratio method for the individual data groupings: 

Drinking Water Aquifer: For residential exposure to drinking water from the aquifer, the 
ELCR is 5 x 10-4. Radium 226 contributes 97% of the cumulative cancer risk.  
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5.1.5.6 

5.1.5.7 

Non-Drinking Water Aquifer: For residential exposure to non-drinking water from the 
aquifer monitoring wells, the ELCR is 4 x 10-4. The primary risk driver is radium 226 (97% of 
the cumulative cancer risk).  

Hayden Municipal Supply Well and Manifold Samples: For residential exposure to 
groundwater from Hayden municipal supply well and manifolds, the ELCR is 6 x 10-4, with 
radium 226 contributing 98% of the total risk.  

Winkelman Municipal Supply Well and Manifold Samples: For residential exposure to 
groundwater from Winkelman municipal supply well and manifolds, the ELCR is 5 x 10-6 with 
uranium 234 contributing 76% of the total risk. 

Tap Water: For residential exposure to tap water from the Hayden Library, the ELCR is 4 x 
10-6 with uranium 234 contributing to 65% of the total risk.  

For residential exposure to tap water from Winkelman Elementary School, the ELCR is 4 x 
10-6 with uranium 234 contributing to 74% of the total risk. The cumulative risk results for 
the Winkelman municipal supply well and manifold samples and tap water data groupings 
are within EPA’s risk management range of 10-6 to 10-4. 

Surface Water 
The ELCR for exposure to surface water by the recreational swimmer is 2 x 10-6, which is at 
the lower end of the EPA risk management range. The child non-cancer hazard calculated 
from the EPCs for aluminum, arsenic, iron, manganese, and vanadium is less than the non-
cancer threshold of 1. 

Sediment 
The ELCR for exposure to sediments by the recreational angler is 2 x 10-6, which is at the 
lower end of the EPA risk management range. The exposure route which contributes the 
most to total risk is the oral route, which contributed 89% to the total risk. The child non-
cancer hazard index calculated from the EPCs for arsenic, copper, iron, manganese, and 
vanadium is less than the non-cancer threshold of 1.  

The lead concentrations in sediment are below the site-specific soil screening level of 
212 mg/kg. 

Indoor and Attic Dust 
A qualitative approach was selected for the indoor and attic dust evaluation because dust 
samples were collected from only 22 homes, which included 18 homes in Hayden and four 
homes in Winkelman. Dust concentrations were compared to Arizona R-SRLs. The dust 
samples were collected by judgmental, directed sampling where dust would tend to 
accumulate (along floorboards and window sills in the occupied areas, and in attics near the 
access doors where present) rather than by random sampling. From the 22 homes sampled, 
33 investigative samples were collected, which consisted of 22 indoor dust samples (one from 
each home) and 11 attic dust samples. 

Hayden Indoor and Attic Dust. In Hayden, 16 of 18 indoor dust samples exceeded the arsenic 
Arizona R-SRL of 10 mg/kg, 14 of 18 indoor dust samples exceeded the copper Arizona R-
SRL of 3,100 mg/kg, and 8 of 18 samples exceeded the lead Arizona R-SRL of 400 mg/kg. 
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All nine attic dust samples collected in Hayden exceeded the Arizona R-SRLs for arsenic, 
copper, and lead. 

Winkelman Indoor and Attic Dust Results. In Winkelman, only one of the four indoor dust 
samples (Parcel 101-12-093 at 10.2 mg/kg) slightly exceeded the arsenic Arizona R-SRL, and 
no indoor dust samples exceeded the copper or lead Arizona R-SRLs. Both attic dust 
samples collected in Winkelman exceeded the R-SRLs for arsenic (with a maximum 
concentration of 54 mg/kg at Parcel 101-12-241), but neither exceeded the copper and lead 
Arizona R-SRLs. The indoor dust sample at Parcel 101-12-093 had antimony concentrations 
of 110 mg/kg, which is above the Arizona R-SRL of 31 mg/kg. In the attic dust sample at 
Parcel 101-12-241, the antimony concentration of 112 mg/kg was also above the Arizona R-
SRL. 

Multi-Pathway Cumulative Risks 
As a means of evaluating multi-pathway cumulative risks and comparing the relative 
contribution to risk from multi-pathway exposures, the sum of the residential soil and 
ambient air cancer risks was calculated for three soil and ambient air exposure combinations 
for both Hayden and Winkelman.  

• Example 1 (Background). The sum of soil background risks plus air monitoring 
background risks. Arsenic and cadmium were not detected in any of the 15 Organ Pipe 
air samples used for the background data set. Therefore, the EPCs used in the 
background risk calculation for those metals were based on an average of the MDLs. The 
background risk estimate for air is 6 x 10-6. 

• Example 2 (Mid-Level Soils Concentrations). In Hayden, the sum of soil risks associated 
with soil arsenic at 26 mg/kg (5 x 10-5 cancer risk) plus the corresponding risks 
associated with air monitoring data from Hayden. For Winkelman, the sum of soil risks 
associated with soil arsenic at 20 mg/kg arsenic (4 x 10-5) plus the corresponding risks 
associated with air monitoring data from Winkelman.  

• Example 3 (High-Level Soils Concentrations). The sum of soil risks for the highest 
concentration property (assumed highest level of soil arsenic after soil removal action of 
selected properties): 132 mg/kg arsenic in Hayden, 112 mg/kg arsenic in Winkelman, 
plus the corresponding air monitoring risks. 

Risks from Soil plus Air—Hayden. For Hayden, the sum of residential soil plus ambient air 
cancer risk was 3 x 10-5 (Example 1), 2 x 10-4 (Example 2) and 4 x 10-4 (Example 3).  

The soil plus air cancer risks in Hayden were greater than the background cancer risk. 
Ambient air cancer risks in Hayden were 1x 10-4; all additional incremental risks are 
assumed to be due to residential soil exposure. 

Risks from Soil plus Air—Winkelman. For Winkelman, the sum of residential soil plus 
ambient air cancer risk was 3 x 10-5 (Example 1), 8 x 10-5 (Example 2), and 2 x 10-4 (Example 
3). 

The soil plus air cancer risks in Winkelman were greater than the background cancer risk. 
Ambient air cancer risks in Winkelman were 4 x 10-5; all additional incremental risks are 
assumed to be due to residential soil exposure.  
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5.1.6 Uncertainty Evaluation 
An uncertainty evaluation describes uncertainties associated with a risk assessment, 
including data gaps in toxicological and exposure assessment, and conservative 
assumptions or scientific judgments used to bridge these data gaps. Uncertainties, which 
arise at every step in the risk assessment process, are evaluated to provide an indication of 
the relative degree of conservatism associated with a risk estimate (EPA, 1992). The key 
uncertainties associated with this HHRA include the following: 

• For some non-residential soil exposure areas, only one sample was collected to represent 
the area, which is a very limited data set. A larger sample size would allow for the 
calculation of a more representative exposure point concentration, and thus decrease 
uncertainty regarding chemical concentrations used for risk assessment at these 
locations. 

• Site-specific exposure assumptions for the non-residential soil risk/hazard estimates are 
based on limited interview information and professional judgment and may not 
represent actual Site exposures. 

• Site-specific background data sets are limited for soil and ambient air, and therefore 
there is uncertainty associated with the comparisons of Site data to background levels. 

• A Site-specific background data set is not available for groundwater for metals, 
radionuclides, VOCs, and SVOCs, and therefore regional and national background 
information was used for comparison. These regional and national background data sets 
may not accurately represent the range of metals and radionuclides found in the vicinity 
of the Site. 

• The amount of a given COC (i.e., arsenic) absorbed into the body may be quite different 
from the amount of chemical that is actually contacted. The bioavailability factor used 
for ingestion of arsenic in soil was 80% based on limited mineralogy information. This 
factor may over or under estimate the actual bioavailability of the arsenic in soil at the 
Site. 

In general, where uncertainties are associated with the steps of the HHRA process, 
conservative assumptions are made so that the results will be health-protective. Because of 
the conservative assumptions used for the risk assessment, these estimates are calculated in 
a way that tends to over estimate risks, and thus any actual risks are likely to be lower than 
these estimates.  

5.1.7 Summary of Results 
Consistent with the CSM, the predominant exposure pathways for residents to 
contaminants from the Site are incidental ingestion of soil, inhalation of particulates from 
soil and air, and dermal contact with soil. Exposure to groundwater, indoor dust, and attic 
dust are considered to be minor exposure pathways and were addressed through screening-
level or qualitative risk evaluations in the HHRA. Exposure to surface water and sediment 
are also considered to be minor exposure pathways and were evaluated using recreational 
exposure assumptions. 

The following discussion summarizes the key findings of this HHRA: 
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5.1.7.1 

5.1.7.2 

Residential Soil 
Based on the baseline HHRA assumptions (i.e., assuming no remedial actions have 
occurred) and arsenic, copper, and lead concentrations in soil, the risk and hazard results for 
residential soils are as follows: 

• ELCRs exceeded the EPA risk management range of 10-6 to 10-4 for six parcels in Hayden 
and one parcel in Winkelman. The six parcels in Hayden that exceed include 101-07-176, 
101-07-089K, 101-07-089T, 101-07-034, 101-09-038, and 101-07-140 and the parcel in 
Winkelman that exceeds is 101-12-071.   

• For non-cancer effects, the HIs exceeded the threshold of 1 for 91 parcels in Hayden and 
three parcels in Winkelman. The HIs that exceed the threshold range from 2 to 27. 

• Lead levels exceeded site-specific lead screening level of 212 mg/kg for 72 parcels in 
Hayden and 11 parcels in Winkelman.  

Non-Residential Soil 
Based on arsenic, copper, and lead concentrations in soil, the risk and hazard results for 
non-residential soil are as follows: 

• All of the ELCRs for non-residential soil exposure areas in the Hayden and Winkelman 
groupings are within or below the EPA risk management range. 

• ELCRs at all of the exposure areas in the ASARCO Properties grouping are within the 
EPA risk management range with the exception of the East of Hillcrest Avenue area (2 x 
10-3), which exceeds 1 x 10-4. 

• All of the exposure areas in the Outlying Areas grouping have ELCRs that are within the 
EPA risk management range, although one of the areas (Slag Dump) is at the upper end 
of the range with an estimated cancer risk of 9 x 10-5. 

• For non-cancer effects, the HIs exceeded the threshold of 1 for two exposure areas in the 
Hayden grouping (maximum HI = 4 at Hayden Community Library), 12 exposure areas 
in the ASARCO Properties grouping (maximum HI = 28 at East of Hillcrest Avenue), 
and one exposure area in the Outlying Areas grouping (maximum HI = 31 at Slag 
Dump). 

• Lead levels exceeded the site-specific risk-based screening level of 212 mg/kg for all 
14 exposure areas in ASARCO Properties, and three exposure areas in the Outlying 
Areas grouping (Tertiary Sediments – South of Smelter, Slag Dump, and State Route 77). 
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5.1.7.3 

5.1.7.4 

5.1.7.5 

5.1.7.6 

5.1.7.7 

Air 
The concentrations of metals in air are significantly higher in Hayden when compared to 
Winkelman. The ELCR from exposure to air in Hayden for arsenic, cadmium, and 
chromium is 1 x 10-4 which is at the upper end of the EPA risk management range. The 
major contributor to risk from exposure to air is arsenic.  

Groundwater 
Quantitative screening level ELCRs exceeded the EPA risk management range of 10-6 to 10-4 
from exposure to the drinking water aquifer and non-drinking water aquifer and are at the 
upper end of the risk management range for Winkelman Municipal Supply Well and 
Manifold Samples, tap water from the Hayden Library and Winkelman Elementary School. 
The primary contributor to cancer risk for residential groundwater exposure is arsenic. 

For non-cancer effects, the HIs exceeded the threshold of 1 from exposure to drinking water 
aquifer, non-drinking water aquifer, Hayden Municipal Supply Well and Manifold Samples, 
Winkelman Municipal Supply Well and Manifold Samples, and tap water from Hayden 
Library.  

Screening level ELCRs from exposure to radionuclides in groundwater exceeded the EPA 
risk management range of 10-6 to 10-4 from exposure to the drinking water aquifer, non-
drinking water aquifer, and Hayden Municipal Supply Well and Manifold Samples.  

Surface Water and Sediment 
The ELCR for exposure to surface water by the recreational swimmer and exposure to 
sediments by the recreational angler are both 2 x 10-6, which is at the lower end of the EPA 
risk management range. Non-cancer hazards for the child for exposure to surface water and 
sediment are both below the non-cancer threshold of 1. 

Indoor and Attic Dust 
In Hayden, 16 of 18 indoor dust samples exceeded the arsenic Arizona R-SRL of 10 mg/kg, 
14 of 18 indoor dust samples exceeded the copper Arizona R-SRL of 3,100 mg/kg, and 8 of 
18 samples exceeded the lead Arizona R-SRL of 400 mg/kg. All nine attic dust samples 
collected in Hayden exceeded the Arizona R-SRLs for arsenic, copper, and lead. 

In Winkelman, only one of the four indoor dust samples (Parcel 101-12-093 at 10.2 mg/kg) 
slightly exceeded the arsenic Arizona R-SRL. Both attic dust samples collected in 
Winkelman exceeded the Arizona R-SRLs for arsenic. The indoor dust sample at one parcel 
has an antimony concentration above the Arizona R-SRL of 31 mg/kg. In the attic dust 
sample one parcel has an antimony concentration above the Arizona R-SRL. 

Multi-Pathway Cumulative Risks 
Multi-pathway cumulative risks indicate that the soil plus air cancer risks in Hayden and 
Winkelman were greater than the cumulative background cancer risks. The cumulative soil 
plus air risk associated with background conditions at 3 x 10-5were within the EPA risk 
management range. The cumulative soil plus air risk for Hayden and Winkelman exceeded 
the EPA risk management range assuming high level metal concentrations in soil (i.e., 
assuming the EPCs are maximum remaining levels of soil arsenic after soil removal actions 
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at selected properties): 132 mg/kg arsenic in Hayden, 112 mg/kg arsenic in Winkelman, 
plus the corresponding air monitoring risks. Assuming mid-level concentrations of arsenic 
in soils, the cancer risk is within the risk management range for Winkelman and exceeds the 
risk management range for Hayden. 

5.1.8 Conclusions 
The HHRA results indicate that the current and former ASARCO operations have resulted 
in measurable impacts to soils, ambient air, and indoor dust, and to a lesser extent on 
groundwater, surface water and sediment. In addition, excess lifetime cancer risks exceed 
EPA's risk management range for some residential and nonresidential properties. Data gaps 
have been identified related to environmental media sampling (see Section 7.4 of Volume I 
of the RI Report) and therefore, additional studies will be needed to fill those data gaps. 

5.2 Ecological Risk Assessment 
The Screening-Level Ecological Risk Assessment (SLERA) Report is presented as Volume 3 
of this RI Report. This section presents a summary of the SLERA objectives and results. 

5.2.1 ERA Objectives and Approach 
As depicted on the CSM for ecological exposures (Figure 1-7), historic and current activities 
at the Site resulted in release of contaminants (primarily metals and other inorganics) from 
smelter emissions, crushing and concentrator operations, the tailings impoundments, 
process water discharges to unlined ponds, and other process operations to the air, surface 
soil, sediments, and groundwater in the Hayden area. Discharge/runoff from the tailings 
impoundments and drainages into the Gila River and aerial deposition of contaminants 
were the primary release mechanisms of concern to ecological receptors. The SLERA was 
conducted in support of the RI for the Site. Potential risks to ecological receptors in the 
vicinity of the Site were evaluated. A brief summary of the SLERA approach, risk 
conclusions, and recommendations based on those conclusions are provided. 

The primary guidance utilized in completing the SLERA was the Ecological Risk Assessment 
Guidance for Superfund (EPA 1997) and the Final Guidelines for Ecological Risk Assessment 
(EPA 1998). In accordance with these guidance documents, this assessment serves as a 
SLERA. An initial screening and a refined screening assessment were conducted. 

The primary sources are current or historic activities of the smelter and concentrator. 
Primary release mechanisms include air emissions from the 1,000-foot stack and other 
process locations, as well as solid wastes (the tailings impoundments) and wastewater 
associated with the processing of the copper ore. Release mechanisms include aerial 
deposition of stack or fugitive emissions, discharge/runoff from the tailings impoundments 
(as occurred during flooding in 1993) to the Gila River or to adjacent soils, wind erosion, 
leaching to groundwater, and surface discharge from groundwater. Secondary sources 
of potential contaminants are surface soils (including areas affected by aerial deposition, 
riparian soils), surface water and sediment of the rivers, groundwater, and air.  

Complete exposure pathways from contaminated surface soil, surface water, sediment, 
biota, and groundwater to ecological receptors exist at the Site. Surface soils in the ERA refer 
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to riparian, upland, and wash soils that support ecological habitat. Soils collected from the 
residential/non-residential areas in the town of Hayden were not evaluated because they 
lack habitats for ecological receptors. Soils and water collected from the tailings 
impoundments also were not evaluated due to a lack of suitable ecological habitat. 

The areas of greatest potential concern to ecological receptors include: 

• Gila River and San Pedro River flood plains and environs, extending along the Gila 
River from about two miles upstream of Winkelman to five miles downstream of Last 
Chance Basin, and along the San Pedro River about two miles upstream of the 
confluence with the Gila River. 

• Surface water drainages within Hayden that are near ASARCO process facilities, 
including Power House, Kennecott, and San Pedro washes. 

• Upland areas. 

Based on historic and current Site use and historic media data, aluminum, antimony, 
arsenic, barium, beryllium, boron, cadmium, chromium, cobalt, copper, cyanide, iron, lead, 
magnesium, manganese, mercury, molybdenum, nickel, selenium, silver, thallium, and zinc 
were considered as contaminants of potential ecological concern (COPECs). The measured 
concentrations in surface water, sediment, soils, and groundwater collected during the RI 
sampling were the primary data used in the SLERA. 

Assessment endpoints for the Site include aquatic plants, water-column invertebrates, 
benthic invertebrates, fish, amphibians, and aquatic birds and mammals (swallows, belted 
kingfishers, little brown bats, and mink) in the aquatic habitats and terrestrial plants, soil 
invertebrates, soil microbial processes, and terrestrial birds and mammals (mourning doves, 
curve-billed thrashers, red-tailed hawks, southwestern willow flycatchers, desert cottontails, 
desert shrews, and coyotes) in the terrestrial habitats. The southwestern willow flycatcher is 
a federally listed endangered species.  

In the initial screening evaluation for the Site, maximum contaminant concentrations (or 
dietary exposure estimates based on maximum concentrations) were compared to 
conservative literature-derived toxicity values. These toxicity values were published 
screening-level benchmarks or were based on no observed effects concentrations (NOECs) 
or no observed adverse effects levels (NOAELs) and may be referred to as toxicity reference 
values (TRVs).  

Analytes that passed the initial screening were not evaluated further. Those analytes that 
failed the initial screening were retained for evaluation in a refined screening step. The 
refined screen did not include the collection of additional data, but rather, highly 
conservative assumptions used in the initial screening evaluation were refined, or risk was 
evaluated qualitatively. 

5.2.2 Conclusions 
The results of this refined SLERA are intended to determine potential risks to ecological 
receptors in support of the RI for the Site. The findings indicate that multiple analytes pose a 
possible risk to at least one receptor in each medium and sampling area at the Site.  
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Possible risks within the aquatic portions of the Site are primarily related to exposures of 
aquatic plants, water-column invertebrates, fish, and amphibians to surface water 
(Table 5-1). Benthic invertebrates do not appear to be at risk from sediment exposures in 
either river, though this is uncertain for cyanide due to an insufficient detection limit. 
Additionally, aquatic birds and mammals (swallows, belted kingfisher, little brown bats, 
and mink) may be at risk from cadmium, copper, iron, or mercury in the Gila River and 
cadmium, iron, or selenium in the San Pedro River. 

Conclusions for the riparian areas in the onsite portions of the Gila River and San Pedro 
River, as with sediment, indicate a low risk to terrestrial receptors (Table 5-2). Possible risks 
to terrestrial plants from exposure to arsenic and manganese in Gila River soils, and risks to 
southwestern willow flycatchers from exposure to mercury in soils of either river and zinc 
in San Pedro River soils were identified. Although risks to several receptors from exposure 
to selenium and thallium could not be excluded, these risks are uncertain due to insufficient 
detection limits.  

Within the upland and wash areas, possible risks to terrestrial receptors from multiple 
analytes were observed. Cadmium, copper, lead, molybdenum, selenium, and zinc in 
upland soils posed a risk to at least six terrestrial receptors, with copper posing a risk to nine 
of the ten receptors evaluated (Table ES-2). Arsenic, cobalt, mercury, and silver were a risk 
to at least one receptor, but no more than three receptors. Risks from copper are also 
widespread in the wash areas, with a possible risk conclusion for six of the ten receptors. 
Arsenic, cadmium, molybdenum, silver, and zinc were a risk to at least one receptor, but no 
more than four. 

5.2.3 Recommendations 
Based on conclusions summarized above, the following recommendations would serve to 
reduce uncertainties associated with the SLERA risk estimates: 

1. Multiple chemicals exceeded surface water screening values for aquatic organisms and 
soil screening values for plants and soil invertebrates. Because some chemicals may 
interact (in additive, antagonistic, or synergistic ways), the actual Site-specific risks are 
somewhat uncertain. Ambient media bioassays, in which receptors are exposed to Site 
media, would serve to reduce this uncertainty. Sediment bioassays are not 
recommended at the Site because no risks to benthic invertebrates were identified. 
However, surface water bioassays using fish and Ceriodaphnia (a water-column 
invertebrate) would serve to reduce uncertainties associated with the risks from surface 
water. Similarly, soil bioassays using appropriate terrestrial plant and invertebrate 
species would reduce the uncertainties related to risks from soils. However, soil 
bioassays are recommended only for the upland, and possibly wash, areas of the Site 
because little or no risks were observed for the riparian soils. 

2. Exposure estimates for birds and mammals included the use of literature-based 
bioaccumulation models. Because the applicability of these models to the Site is unknown, 
development of Site-specific bioaccumulation models would serve to reduce uncertainties 
in the risk estimates for birds and mammals. This can be accomplished through collection 
of co-located abiotic media and biota samples. Development of soil-to-plant and soil-to-
invertebrate bioaccumulation models for the upland and wash areas is recommended. 
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3. The detection limits for some analyte/medium combinations exceeded screening 
benchmarks for one or more receptors (e.g., selenium and thallium in riparian soils). This 
indicates that the detection limit was too high and risks are uncertain. Therefore, 
additional sampling and laboratory analysis using methods to obtain lower detection 
limits, particularly for selenium and thallium in the riparian areas, may be appropriate. 
However, it is recommended only if additional sampling is planned in these areas (e.g., 
collection of soil samples to obtain Site-specific bioaccumulation data or to obtain more 
background data).  

4. Background data for sediment were very limited; therefore, adequate background 
comparisons could not be conducted (though a comparison to upstream and 
downstream sediment was possible). Collection of additional sediment data from 
background areas would reduce this uncertainty. However, these additional data may 
not add value to the risk assessment. Surface water levels and flows in both the Gila 
River and San Pedro River are highly variable. At some times during the year, the 
streambeds are dry, whereas at other times, flash floods or releases from Coolidge Dam 
on the Gila River result in high flows. Therefore, sediments in these riverbeds are often 
very mobile and may not store contaminants at high levels. Additionally, current data 
suggest that cleaner sediments from the San Pedro River may dilute onsite sediment in 
the Gila River downstream of the confluence of the two rivers. In the upland areas, 
however, additional background data could be used to determine how much of the 
observed toxicity is related to the local geology of the area versus the result of 
contaminant discharges from the Site 

5. The results of the SLERA indicate widespread risks among the upland, and to a lesser 
extent, wash areas. It is possible that additional study of these areas is needed to 
determine the spatial extent of these risks.  
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SECTION 6 

Assessment of Need for Treatability Studies 

6.1 Overview 
Based upon the data presented in this report concerning the nature and distribution of 
contamination at the Site, development and execution of treatability studies may be needed 
as a step in remedial planning. It is important to recognize that treatability studies will only 
be required if EPA deems: 1) that remedial action is needed; and 2) that testing of one or 
more remedial technologies is needed to confirm the most applicable technology to 
implement at the Site. Therefore, treatability studies may not be needed at all, or may only 
be needed for selected media impacted above acceptable levels.  

Based on existing data, treatability studies to address contamination may be needed for 
selected media, including non-residential soils and riparian sediments. The existing data do 
not support a need for development of treatability studies for residential soils, dust, and 
surface water, as explained more fully below. Finally, the need for treatability studies for 
groundwater and air cannot be assessed until additional investigation work is completed.  

6.2 Media Possibly Requiring Treatability Studies 
Non-residential soils such as those within the former Kennecott smelter area and within 
surface water drainages in Hayden require further characterization to better define the 
nature and extent of contamination and support decisions regarding the need for remedial 
action. If remedial action is deemed necessary, this may provide a basis for the identification 
and screening of potential remediation technologies and associated treatability studies. 
Depending upon the results of further characterization, treatability studies for impacted 
non-residential soils may be warranted to support evaluation of technologies such as onsite 
stabilization and active treatment of contamination (as possible alternatives to excavation 
and offsite disposal of these materials). 

Data from characterization of riparian sediments, particularly in the vicinity of the tailings 
impoundments, indicates that further characterization and possible treatability studies may 
be beneficial in supporting remedial planning. Treatability studies would focus on measures 
for embankment stabilization and erosion control, to limit the potential for discharge of 
sediments from Site operations to the Gila River flood plain. This would improve the quality 
of sediments in the flood plain and would also have a beneficial impact on surface water 
quality.  

6.2.1 Media Likely Not Requiring Treatability Studies 
Residential soils within Hayden and Winkelman have been characterized at many discrete 
locations and treatability studies to support planning for remediation of these soils will not 
likely be needed. It is anticipated that remediation of residential soils will be consistent with 
residential soil remediation practices at comparable sites. Common remediation practices 
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involve removal of impacted soils to a specified depth and replacement of excavated soil 
with clean fill.  

Remediation of contaminated attic dust is anticipated to include commonly-employed 
measures such as vacuum-removal of dust and offsite disposal. Therefore, no treatability 
studies are expected for this medium. 

The overall low levels of contaminants detected in the Gila River surface water, combined 
with the likelihood of contribution of contaminants to surface water from sources upstream 
of the Site, yield the conclusion that treatability studies for surface water are not 
appropriate. Control of Site-related discharges to the Gila River will also improve surface 
water conditions. 

6.3 Media for which Additional Investigation Data are 
Needed 

A detailed list of data gaps for the sampled media is presented in Section 7.4.  This section 
provides an abbreviated description focused on groundwater and air. 

For groundwater, some elevated levels of contaminants were found in monitor wells near 
Site operations, but generally acceptable levels were found to be present in production wells 
from which the potable supply is provided. Additional groundwater quality monitoring is 
needed to confirm that production wells are not threatened by Site-related contaminants. If 
this evaluation indicates that production wells are potentially threatened and that remedial 
action is warranted, treatability studies for groundwater (to confirm an appropriate 
remedial technology) may be needed. 

Regarding air emissions, insufficient data have been collected to allow a determination as to 
whether treatability studies are needed. If deemed necessary, treatability studies would 
focus on reduction of air emissions from active processes and control of airborne emissions 
from waste storage/disposal areas. Studies would include evaluation of improvements to 
emission controls at the concentrator and smelter facilities, consolidation/stabilization of 
waste piles in the vicinity of facilities such as the concentrator and Conveyor No. 9, and 
stabilization or other erosion control methods applied to the tailings impoundment surfaces. 
Evaluation of potential emissions controls on process facilities would require collection of 
additional air quality monitoring data and possible dispersion modeling.
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SECTION 7 

Summary and Conclusions 

7.1 Purpose Review 
This report was prepared to describe the investigation of potential environmental impacts 
from ASARCO Site operations, which date back to 1911, on air, soil, groundwater, surface 
water, and sediments in the vicinity of the Site. Field activities described in this report were 
conducted from November 2005 through March 2008, although the air monitoring portions 
of the investigation will continue through 2008. EPA is the lead responsible agency for the 
RI and guided the overall implementation. 

7.2 Conceptual Site Model and Chemicals of Concern 
The CSM presented in Figure 1-6 identified the concentrator operations and the current and 
historic smelter operations as the primary sources of contamination. The fugitive and stack 
emissions, tailings impoundments, rail transport, and process wastewater were identified as 
the primary release mechanisms that may have affected soils on and near the Site. 

Other process operations and features, including smelter furnace and converter areas, 
machine shops, maintenance yards, and underground storage tanks, may be potential 
sources of various contaminants. Although a limited amount of onsite soil sampling was 
conducted, it was beyond the scope of the RI to extensively evaluate onsite operations. The 
focus of the RI was on adjoining and nearby nonresidential and residential areas to evaluate 
impacts from current and historical copper processing activities. 

The primary COCs prior to the start of the RI are six metals, which include arsenic, copper, 
lead, cadmium, chromium, and mercury.  

7.3 Summary of Findings 
The following sections describe the findings for each type of media that was sampled during 
the remedial investigation. 

7.3.1 Non-Residential Soils 
The non-residential soil sampling activities consisted of the collection of samples at 
270 locations within Hayden, Winkelman, and ASARCO property.  

The results for non-residential surficial soils indicate that arsenic, copper, and lead are the 
primary COCs. This is indicated by the elevated arsenic, copper, and lead impacts above the 
Arizona Residential Soil Remediation Levels (R-SRLs) and above background 
concentrations. A small number of non-residential properties showed exceedances of 
R-SRLs for other metals, but none of these metals are widespread at elevated concentrations. 
These results indicate that nonresidential soils are markedly influenced by ASARCO 
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operations. Soils at ASARCO facilities (particularly the perimeter of the concentrator and 
former Kennecott smelter areas and the smelter perimeter and slag dump areas) generally 
contain the highest concentrations of metals, while nonresidential soils on non-ASARCO 
properties, including the Winkelman and upland areas, contain the lowest concentrations. 
The washes located near the ASARCO operations (especially Power House Wash) also 
appear to be directly affected by ASARCO operations. 

7.3.2 Residential Soils 
Hayden 
Data collected from the surficial soil sampling in Hayden (and Winkelman) residential 
properties indicates that the primary COCs are arsenic, copper, and lead. Based on the 
laboratory results of the 99 homes sampled in Hayden, only one parcel in Hayden has an 
arsenic UCL concentration below the R-SRL of 10 mg/kg. This parcel (101-07-185C) is 
located in Zone 1, the most distant zone in Hayden from the former Kennecott smelter, 
ASARCO smelter, and concentrator operations. Also, four other parcels display arsenic UCL 
concentrations just over the R-SRL but below the background value of 12.5 mg/kg; these 
parcels (101-07-202, 101-07-234, 101-07-244, and 101-07-247) are all located in nearby Zones 2 
and 3, which are the next most distant zones from active operations. The remaining 94 
parcels in Hayden display UCL values above both the R-SRL and background values. The 
UCL concentrations in these 94 parcels range from 13.4 mg/kg in parcel 101-07-259, (Zone 
4), to 540 mg/kg in parcel 101-07-089T (Zone 9, just south of the former Kennecott smelter 
area).  

As shown on Figure 4-12, the highest arsenic concentrations are in Zones 7, 8, 9, 10, 16, and 
17 located south of the former Kennecott smelter area and west of the active concentrator 
operations. Of the parcels sampled in these three zones, nearly all display arsenic UCL 
concentrations above the arsenic non-cancer HI of 1 value of 26 mg/kg. The next most 
impacted area is represented by Zones 12, 13, 14, and 15 located in northeast Hayden and in 
relative close proximity to ASARCO’s concentrator facility. In these zones, nearly all parcels 
also contain arsenic UCL concentrations above the arsenic non-cancer HI of 1 value of 
26 mg/kg.  

As indicated on Figure 4-13, the subsurface arsenic soil concentrations are considerably 
lower than surface soil concentrations. Nearly half of the subsurface soil samples 
(46 samples) display arsenic concentrations below the R-SRL. Seven subsurface samples are 
above the non-cancer HI value of 1 value of 26 mg/kg, and these samples are generally 
located in zones adjacent to concentrator operations. The highest concentrations in 
subsurface soil samples occur in parcel 101-07-010 in Zone 10 (74 mg/kg) and in parcel 
101-09-108 in Zone 16 (58.1 mg/kg); in these two parcels, the subsurface arsenic 
concentration exceeds the arsenic UCL for the surface soil samples.  

Only nine of the 99 parcels in Hayden have copper UCL concentrations below the R-SRL of 
3,100 mg/kg. Eight of these nine parcels are located in Zones 1-4, the most distant zones in 
Hayden from the concentrator operations. However, all nine of these parcels have copper 
UCL concentrations above the Hayden background value of 1,270 mg/kg. The remaining 
90 parcels in Hayden display UCL values above the R-SRL, and therefore, well above 
background value. The UCL concentrations in these 90 parcels range from 3,350 mg/kg in 
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parcel 101-07-259 (Zone 4), to 39,700 mg/kg in parcel 101-09-140 (Zone 16, near the active 
concentrator operations).  

As shown on Figure 4-14, the pattern of elevated copper concentrations is similar to that 
displayed for arsenic. The highest copper concentrations are in Zones 7-9, located south of 
the former Kennecott smelter area and west of the active concentrator operations, and in 
Zones 10 and 16, located in northeast Hayden and adjacent to ASARCO’s 
concentrator facility.  

Figure 4-15 shows that the subsurface copper soil concentrations are considerably lower 
than surface soil concentrations. All but 24 of the 99 subsurface soil samples display copper 
concentrations below the R-SRL. Most of the subsurface soil samples with concentrations 
below the R-SRL are also below the background value, although several parcels, primarily 
those located closer to active concentrator operations, are above background values. The 
highest concentrations in subsurface soil samples occur in parcel 101-07-110 in Zone 8 
(17,100 mg/kg) near the Kennecott Avenue Wash area, and in parcel 101-09-108 in Zone 16 
(11,300 mg/kg); in these two parcels, the subsurface copper concentration exceeds the 
copper UCL for the surface soil samples. 

The lowest lead UCL concentration is in parcel 101-07-185C (51.8 mg/kg), located in Zone 1, 
the most distant zone in Hayden from the concentrator operations. The highest lead UCL 
concentrations are in parcels 101-09-088 (92,600 mg/kg, Zone 15), parcel 101-09-004 
(8,170 mg/kg, Zone 12), and parcel 101-09-077 (7,250 mg/kg, Zone 14), located in central 
Hayden. The lead concentration in the Zone 15 parcel is anomalously high (an order of 
magnitude above the next highest values) and exceeds levels in non-residential soil samples 
on ASARCO property, suggesting that other possible sources of lead may be present on this 
parcel. Overall, the largest percentage of parcels with lead UCL concentrations above the 
R-SRL are in Zones 10, 12, 13, 14, and 16, located in relatively close proximity to 
concentrator operations. As indicated on Figure 4-16, the lead values in non-residential soil 
samples collected on the concentrator property are above background, but below the R-SRL 
and in most cases below the UCL values in nearby residential parcels. These data indicate 
that ASARCO operations may be a source of lead, along with other sources such as 
lead-based paint. 

As indicated on Figure 4-17, the subsurface lead soil concentrations are considerably lower 
than surface soil concentrations. Approximately 30% (30 parcels) have lead concentrations 
below the background value. Regarding exceedances, 12 parcels have lead values above the 
screening value of 212 mg/kg, and seven parcels have lead values above the R-SRL of 400 
mg/kg. Lead concentrations in these seven lots range from 433 mg/kg to 1,340 mg/kg and 
are located in Zones 2, 8, 10, 12, 13, 14, and 16.  

Winkelman 
Only five of the 31 parcels in Winkelman have arsenic UCL concentrations above the R-SRL 
(and therefore also above the background value). The arsenic UCL concentrations in these 
five parcels range from 16.6 mg/kg (parcel 101-12-142) to 112 mg/kg (parcel 101-12-071). 
Figure 4-18 shows these parcels are all located in Zones 18, 19, and 21, in the central and 
southern areas of Winkelman.  
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As indicated on Figure 4-19, the subsurface arsenic soil concentrations are generally lower 
than surface soil concentrations. Only one subsurface soil sample (101-12-008J, 12.3 mg/kg) 
exceeds the R-SRL; this subsurface soil sample along with subsurface soil sample (101-10-
019, 9.4 mg/kg) exceeds the background UTL of 9.1 mg/kg. 

Only two of the 31 parcels in Winkelman have copper UCL concentrations above the R-SRL. 
The copper exceedances are found in two neighboring parcels in Zone 21: parcel 101-12-149 
(5,130 mg/kg) and 101-12-150 (4,410 mg/kg). Arsenic UCL exceedances were also found for 
these two parcels. In addition, parcels 101-12-142 (1,390 mg/kg) in zone 21 and parcel 101-
12-093 (1,040 mg/kg) in zone 20 exceeded the Winkelman area background value. All other 
copper UCL concentrations in Winkelman parcels are below the background level.  

As indicated on Figure 4-21, all subsurface copper concentrations are below both the 
background and R-SRL values in all samples.  

Only five of the 31 parcels in Winkelman have lead UCL concentrations above the R-SRL. 
The highest lead exceedance is found in Zone 21 parcel 101-12-149 (2,330 mg/kg). Five 
additional parcels have lead UCL concentrations above the screening level of 212 mg/kg. Of 
the remaining 21 Winkelman parcels, 18 display lead UCL concentrations above the 
background concentration of 45.8 mg/kg. Because nonresidential soil samples collected in 
the northern part of Winkelman are generally below background lead levels, the residential 
soils data suggest that some limited lead-based paint impacts may exist as wells as other 
industrial sources in the southern part of town.  

As indicated on Figure 4-23, the subsurface lead concentrations are below the R-SRL values 
in all samples. Nine additional samples exceed the background value of 45.8 mg/kg. 
Overall, the subsurface lead impacts are relatively limited.  

7.3.3 Surface Water and Sediments 
Surface Water 
Surface water samples were collected at 13 locations, including 11 locations along the Gila 
River and two locations along the San Pedro River. The 13 surface water samples were 
collected during two sampling events (Winter [Figure 4-24] and Summer [Figure 4-25]). 
Elevated concentrations of several analytes were clearly evident at the two Gila River 
sampling locations (GR-SW-06 and GR-SW-07) located between the tailings impoundments, 
compared to other upstream and downstream locations, as indicated on the histograms 
(Figure 4-27 through Figure 4-34). The total and dissolved concentrations of aluminum, 
arsenic, barium, beryllium, calcium, cadmium, chromium, cobalt, copper, iron, lead, 
magnesium, manganese, nickel, potassium, sodium, thallium, vanadium, and zinc as well as 
total mercury, molybdenum, selenium, and silver, were generally higher in these two 
samples than in other Gila River samples. These elevated concentrations were most 
pronounced in samples collected in the Summer sampling event when surface water flows 
were approximately 4 times higher than Winter. Although no Winter sampling event 
samples exceeded AAWWQC or PRG levels (with the exception of arsenic), several 
exceedances were noted in the Summer event samples at GR-SW-06 and/or GR-SW-07 only, 
and these levels were also considerably above background levels measured in upgradient 
samples GR-SW-01 and GR-SW-02. 
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Surface water samples from the San Pedro River location SPR-SW-02 displayed higher 
concentrations for some analytes as compared to Gila River sampling locations. Total and 
dissolved arsenic, barium, boron, calcium, chromium, cobalt, iron, magnesium, 
molybdenum, nickel, potassium, selenium, and sodium, total copper, lead, and silver, and 
dissolved manganese, vanadium, and zinc were generally greater in San Pedro River 
samples relative to Gila River samples. Dramatic seasonal differences in concentrations in 
the San Pedro River samples were evident through analytes such as aluminum, barium, 
iron, and manganese, which were higher during the Summer sampling event, although 
analytes like magnesium and sodium were higher during the Winter sampling event. These 
elevated levels in the San Pedro River samples may result from different geology, mining 
activity or lower flow conditions, resulting in less dilution, and therefore, higher 
concentrations of these metals. 

Despite the increased concentrations observed in the San Pedro River samples and in 
Gila River samples GR-SW-06 and GR-SW-07, the downgradient samples did not show 
AAWWQC or PRG exceedances (with the exception of arsenic). 

Sediment 
In-stream sediment samples showed elevated metals (arsenic, lead, manganese, and 
vanadium) concentrations in upstream, between tailings impoundments, and downstream 
of the tailings impoundments, which indicate that additional data are needed to characterize 
upstream contributions and the full extent of impacts. With few exceptions, analyte 
concentrations within in-stream sediment samples from the San Pedro River exhibited 
generally lower concentrations (but higher surface water concentrations for metals) than 
those obtained from the Gila River sampling locations. Large seasonal variations were also 
evident among the San Pedro River samples.  

For the riparian sediment samples, elevated concentrations above the R-SRL or EPA PRG of 
arsenic, lead, and vanadium are present at upstream locations. However, only arsenic had 
concentrations exceeding these standards between the tailings impoundments and 
downstream of the tailings impoundments. Unstable riparian sediments generally had 
higher and more variable concentrations than were observed in associated stable 
riparian sediments. 

7.3.4 Groundwater 
The groundwater investigation confirmed that groundwater from the concentrator and 
smelter facilities generally flow towards the Gila River. In general, the groundwater quality 
data from the two sampling events (Winter and Summer 2006) show concentrations 
exceeding comparison criteria for aluminum, arsenic, iron, copper, manganese, 
molybdenum, selenium, and vanadium. Most exceedences are in groundwater samples 
collected from monitoring wells located near active ASARCO concentrator and smelter 
operations, with a limited number of exceedences from production wells.  

Cadmium, chromium, lead, and mercury had either singular exceedances or none at all, and 
therefore, are not considered COCs in groundwater. Arsenic concentrations at every 
location exceeded the PRG, however, only six monitoring well locations had concentrations 
exceeding the MCL of 10 mg/L. Monitoring wells with generally high sulfate concentrations 
(above the secondary MCL of 250 mg/L) are H-2A, H-3, H-8, H-9, LC-1, and SM-2. All 
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monitoring wells on Site have sulfate and TDS concentrations greater than the secondary 
MCL standards (250 mg/L and 500 mg/L, respectively). 

The Hayden production wells do not display elevated levels of metals concentrations. The 
only exceedances occurred at the Winkelman wellfield. The sample from WM-4 had 
exceedances for total and dissolved manganese and dissolved copper. Samples collected 
from the Winkelman Wellfield Manifold had exceedances for total manganese and 
dissolved selenium. Moreover, samples from the Hayden wellfield wells generally have 
sulfate and TDS concentrations greater than the secondary MCLs. Samples from the 
Winkelman wellfield wells generally show only TDS concentrations above the secondary 
MCL. Samples collected at the Winkelman Elementary School drinking fountain had an 
exceedance of total and dissolved copper, which may be related to the piping distribution 
network. Similarly, the sample from the Hayden Library drinking fountain had an 
exceedance of dissolved copper in Summer 2006 (which may be related to the piping), but 
not in the Winter 2006 sampling event. 

7.3.5 Air 
The air investigation began at the Hayden and Winkelman air monitoring stations in 
October 2006, and will continue through most or all of 2008. For this report, data from the 
period October 22, 2006, to November 7, 2007, were evaluated, along with data collected 
during the three-week annual smelter shutdown periods in 2007 and 2008. Data from this 
study show that the concentrations of PM10 and metals in the Hayden and Winkelman 
stations far exceed the measured concentrations at the background Organ Pipe station. The 
average PM10 concentrations at Hayden and Winkelman stations were approximately 2.36 
and 1.26 times higher, respectively, than average PM10 concentrations at the Organ Pipe 
station. No arsenic and cadmium were detected at the Organ Pipe station at levels above the 
MDL.  However, the average arsenic concentrations were about 40 to 80 times greater at the 
Hayden station than the MDLs at the Organ Pipe station. The average cadmium levels were 
about 7.5 times greater in the Hayden station compared to the Organ Pipe station MDLs 
(Table 4-35).  The average arsenic and cadmium levels in Hayden exceeded the PRG levels 
by a factor of 53 and 4, respectively.  The average ambient air concentrations of copper, lead, 
and chromium at the Hayden station were 510, 64, and 4 times higher, respectively, than 
average levels at the Organ Pipe station. The average ambient air concentration of copper, 
lead, and chromium at the Winkelman station were 203, 17, and 2 times higher, respectively, 
than average levels at the Organ Pipe station.  

The average PM10 concentrations in the Hayden station samples are about twice the levels in 
the Winkelman station samples. The average concentrations of arsenic, copper and 
chromium are about 2.5 times higher in Hayden station samples compared to Winkelman 
station samples. The average lead concentrations in Hayden station samples are about 
3.5 times higher than levels in Winkelman station samples. The higher concentrations in the 
Hayden area are likely attributed to the closer proximity to active concentrator and smelter 
operations. 

Data collected during the smelter shutdown periods show that average PM10 and metals 
concentrations are considerably lower compared to average concentrations during the entire 
monitoring period. During the smelter shutdowns, the average PM10 levels were 52 and 34% 
of the average concentrations measured during the entire monitoring period in Hayden and 
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Winkelman, respectively. Similarly, average arsenic concentrations were 17 and 30% of 
average concentrations measured during the entire monitoring period in Hayden and 
Winkelman, respectively.  

7.3.6 Interior Dust  
Of the 22 indoor residential dust sample locations, 18 parcels were in Hayden and four 
parcels were in Winkelman. The increased concentration of sample locations in Hayden was 
in direct response to the elevated metals concentrations in Hayden residential soil samples 
relative to Winkelman residential soil samples. Indoor dust samples were collected from 
occupied living areas at all residences, and from attics where they were present and 
accessible (11 of the locations). Of these 22 sample locations, 17 locations had dust sample 
results that exceeded the arsenic R-SRL, 15 locations exceeded the copper R-SRL, and eight 
locations exceeded the lead R-SRL. Of the 11 attic samples, nine were collected in Hayden 
with all nine samples exceeding the R-SRLs for arsenic, copper, and lead. Two attic dust 
samples were collected in Winkelman and both had exceedences of the arsenic R-SRL only.  

7.4 Data Gaps 
The following data gaps are provided per media, based on data collected during the RI. The 
Screening-Level Ecological Risk Assessment (SLERA) also cites some recommendations in 
Section 5.2.3. The SLERA recommendations and the following data gaps should be 
addressed during subsequent phases of remedial investigation at the Site and study area. 

Non-Residential Soils 

• Additional soil samples encompassing the entire former Kennecott smelter area are 
needed to further characterize the vertical and horizontal extent of contamination within 
the area, with an extensive analysis of metals suite (including molybdenum and 
vanadium) to determine other possible contaminants of concern. 

• Additional soil samples collected from the active concentrator area, beyond the 
perimeter of public areas, are needed to determine the vertical and horizontal extent of 
contamination, with an extensive analysis of metals suite to determine other possible 
contaminants of concern. 

• Additional soil sampling of the entire area at the active smelter area is needed to 
determine the vertical and horizontal extent of contamination, with an extensive analysis 
of metals suite to determine other possible contaminants of concern. 

• Additional soil sampling of other public and commercial areas within the towns of 
Hayden and Winkelman is needed, to determine the vertical and horizontal extent of 
contamination, with an extensive analysis of metals suite to determine other possible 
contaminants of concern.  

Residential Soils 

• Only a limited number of residences in Hayden and Winkelman were sampled during 
the RI, and additional sampling is needed, especially at residences located in relatively 
close proximity to the active concentrator facility. 
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• Only one subsurface soil sample was collected on each property, and additional 
sampling is needed to better delineate the vertical extent of impacts. 

• A recontamination assessment is needed to determine the possibility and rate of 
recontamination of the area residential soils from the on-going air contamination. 

Surface Water and Sediment 

• To delineate the extent of surface water impacts from smelter emissions and assess 
possible upstream contributions, additional samples are needed upstream on the Gila 
and San Pedro Rivers. 

• To delineate the extent of in-stream and riparian sediment impacts and assess possible 
upstream contributions, an increased density of samples is needed upstream and 
downstream on the Gila and San Pedro Rivers. 

• Further characterization by an increased density of samples collected of riparian 
sediment is needed to evaluate the impact of the tailings impoundments.  

• Additional rounds of surface water and sediment sampling are needed to evaluate 
impacts seasonally and to evaluate longer term trends. 

Groundwater 

• More upgradient monitoring wells are needed to assess and define background 
groundwater quality conditions. 

• There are very few monitoring wells located on former and currently active ASARCO 
operations, especially the smelters, concentrator, and slag dump areas. Additional wells 
are needed to identify possible source areas and the extent of impact. 

• To better assess the influence of the alluvial aquifer on the chemistry and flow rate of the 
Gila River, installation of additional monitoring wells in the vicinity of the Gila River are 
needed; this includes in proximity to the tailings impoundments. 

• Additional information on the individual production well operations is needed to better 
assess regional groundwater flow and pumping effects. 

• Installation of additional stream gauges, and a monitoring well near the SW-04 sample 
location, are needed to evaluate the possible connection of groundwater and surface 
water. 

• The groundwater elevation data suggests that ARU-1 is disconnected from water levels 
within the Gila River alluvium; confirmation or resurveying of the top-of-casing 
elevation is needed (and based on additional groundwater elevation measurements, a 
more reliable downgradient monitoring well may be needed to assess impacts of tailings 
impoundments on the Gila River alluvial aquifer). 

• An independent confirmation of vertical and horizontal coordinates for the existing 
monitoring and production well locations was not conducted as part of the RI. An 
updated and accurate survey of all monitoring well locations is needed to provide 
greater confidence in the groundwater elevation contouring. 

• Continual quarterly or monthly water level monitoring and groundwater sampling are 
needed to evaluate impacts seasonally and to evaluate longer term trends. 
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Air 
• A source apportionment study is needed to identify the relationship between emission 

sources and measured concentrations of metals. 

• Only the PM10 fraction of lead in ambient air was measured. A TSP monitor is needed to 
analyze for lead and compare with the NAAQS value.  

• No background air monitor was installed for this investigation. A limited set of data 
were used (approximately 15 samples) from the background Organ Pipe station. More 
background air stations with more samples are needed to allow for more precise 
averages. 

• A co-located air monitor is needed next to the Hayden and/or Winkelman air monitoring 
stations to allow for a QA/QC of data from that air monitoring station. 

• Monitoring and differentiation of acid gases in the air are needed at the Site and study 
area. 

• Analysis of the collected air monitoring filters for particulate morphology and speciation 
is needed to assist in source attribution. 

• Detailed ambient air monitoring stations closer to suspected source areas are needed to 
better evaluate possible unknown sources. 

• Sampling of fine grained soils is needed in industrial areas for determination of these as 
possible air impact sources from entrainment during high wind events. 

• Point source air monitoring for stack and near-ground emission sources is needed. 

• Day and night short term sampling events for emissions comparison are needed. 

• High wind short term sampling events for emissions comparison are needed. 

Interior Dust 

• The dust sampling was of a very limited extent and included a very few number of 
residences. Additional sampling from other residences in potentially impacted areas is 
needed to confirm metals concentrations in these other areas. 

• Lead-specific sampling is needed to differentiate between Site-related lead and the 
impact of lead-based paint on lead concentrations detected in dust samples. 

• Additional dust samples are needed from public areas (such as schools, library, post 
office, commercial, and retail businesses) to determine the extent of dust contamination 
in these areas. 
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7.5 Overall Summary 
The RI results indicate that the current and former ASARCO operations have resulted in 
measurable impacts to soils, ambient air, and indoor dust, and to a lesser extent on 
groundwater, surface water and sediment. Additional studies will be needed to fill the data 
gaps presented in Section 7.4. 
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